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TTITLE OF THE INVENTION 

BENZYLETHER AND BENZYLAMINO BETA-SECRETASE INHIBITORS FOR THE 
TREATMENT OF ALZHEIMER'S DISEASE 

5 CROSS-REFERENCE TO RELATED APPUCATIONS 

This application claims priority under 35 U.S.C. § 1 19(e) of U.S. Provisional 
appUcations serial no. 60/524,454, filed November 24, 2003, 60/570.239. filed May 12, 2004, and 
60/602,434, filed August 18. 2004. " 

10 FIELD OF THE INVENTION 

The invention is directed to the field of compounds which are inhibitors of the the activity of the 
P-secretase enzyme, and to the use of the compounds for the treatment of diseases in which the 3- 
secretase enzyme is involved, such as Alzheimer's disease. 

15 BACKGROUND OF THE INVENTION 

Alzheimier's disease is characterized by the abnormal deposition of amyloid in the brain in the 
form of extra-cellular plaques and intraH:ellular neurofibrillary tangles. The rate of amyloid 
accumulation is a combination of the rates of formation, aggregation and egress from the brain. It is 
generally accepted that the main constituent of amyloid plaques is the 4kD amyloid protem (P A4, also 

20 referred to as AP, P-protein and PAP) which is a proteolytic product of a precursor protein of much 
larger size. The amyloid precursor protein (APP or APPP) has a receptor-like structure with a large 
ectodomain, a membrane spanning region and a short cytoplasmic tail. The Ap domain encompasses 
parts of both extra-cellular and transmembrane domains of APP, thus its release implies the existence of 
two distinct proteolytic events to generate its NH2- and COOH-termiiu. At least two secretory 

25 mechanisms exist which release APP from the membrane and generate soluble, COOH-truncated forms 
of APP (APPj). Proteases that release APP and its fragments fi^om the membrane are termed 
"secretases." Most APP, is released by a putative a-secretase which cleaves within the AP protein to 
release a-APP, and precludes the release of intact AP. A minor portion of APP, is released by a P- 
secretase ("P-secretase"), which cleaves near die NHr-temrinus of APP and produces COOH-teiminal 

30 fragments (CTFs) which contain the whole AP domain. 

Thus, the activity of P-secretase or P-site amyloid precursor protein-cleaving enzyme C*BACE") 
leads to the abnormal cleavage of APP, production of AP, and accumulation of P amyloid plaques in the 
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brain, which is characteristic of Alzheimer's disease (see R. N. Rosenberg, Arch, Neurol., vol. 59, Sep 
2002, pp. 1367-1368; H. Fukumoto et al. Arch Neurol, vol. 59, Sep 2002, pp. 1381-1389; J.T. Huse et 
al, 7. Biol Chem., vol 277, No. 18, issue of May 3, 2002, pp. 16278-16284; ILC. Chen and W.J. Howe, 
Biochem. Biopkys. Res. Comm^ vol. 292, pp 702-708, 2002). Therefore, therapeutic agents that can 
S inhibit P-secretase or BACE may be useful for the treatment of Alzheimer's disease. 

The compounds of the present invention are useful for treating Alzheimer's disease by inhibiting 
the activity of ^-secretase or BACE, thus preventing the formation of insoluble Ap and arresting the 
production of A^. 



SUMMARY OF THE I^^VENTION 

The present invention is directed to benzylether and benzylamino derivative compounds that are 
inhibitors of the P-secretase enzyme, and are useful in the treatn^nt of diseases in which the P-secretase 
enzyme is involved, such as Alzheimer's disease. The invention is also directed to pharmaceutical 
IS coii;>ositions comprismg these coiKq)ounds, and (he use of these conq)ounds and conq)ositions in the 
treatment of such diseases m which the ^-seoetase enzyme is involved. 

DETAILED DES CRIPTION OF THE INVENTION 



10 



The present invention is directed to conq)Ounds of formula (I): 



R2 



20 




wherein: 



XisOorNH; 



25 YisCHorN; 
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A is selected from the group consisting of 

(1) hydrogen, 

(2) -CM0alkyl, 

(3) -C2-10 alkenyl, and 
5 (4)-C2-l0alkynyl 

wheiem said alkyl, alkenyl or alkynyl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -C3-.8 cycloalkyl, 

(c) -OH, 

10 (d)-OT. 

(e) -0-Ci-ioalkyl, 

(f) phenyl, or 

(g) heteroaiyl selected from the group consisting of pyrazinyl« pyrazolyl, 
pyrida2anyl, pyiidyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, inridazolyl, 

15 triazinyl, pyranyl, thiazolyl, thienyl, fliiophenyl, triazolyl, oxazolyl, isoxazolyl. 

thiazolyl, oxadiazolyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl and 
benzoxazolyl, 

and said phenyl and heteroaiyl is unsubstituted or substituted with one or more 
20 (i) halo, 

(ii)-OH, 
(iu)-CN, 

(iv) -0-Ci-ioalkyl, 

(v) -<:i-10alkyl. 
25 (vi) -C2-IO alkenyl, 

(vii) -<^2-10 alkynyl, or 

(viii) -C3.8 cycloalkyl; 

R1 is (1) aryl selected from the group consisting of phenyl and napthyl, or 
30 (2) heteroaryl selected from the group consisting of pyrazdnyl, pyrazolyl, 
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pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, unidazolyl, triazinyl, pyranyl, 
thiazolyl, thienyl, thiophenyl, tiiazolyU oxazolyl, isoxazolyl, thiazolyl, oxadiazolyl, indolyl, 
quinolinyly isoquinolinyl, benziimdazolyl and benzoxazolyl. 



5 wh^in said aryl or heteroaryl is unsubstituted or substituted with one or moie 

(a) halo, 

(b) ^MOalkyl, 

(c) -C2-IO alkenyl, 

(d) -<:2.10alkynyl, 
10 (e)~OH, 

(f) -CN. 

(g) -O-Ci-i0allQ^lor 

(h) -C3-8 cycloalkyl; 



IS R2 is selected from the group consisting of: 
(1) (R4-S02)N(R7k wherein R4 is 

(a)-CMOalkyl, 

(b>-C2-10al^^nyl, 

(c) -C2-IO alkynyl, or 
20 (d) -C3-8 cycloalkyl. 

wherein said alkyl, alkenyl, alkynyl and cycloalkyl is unsubstituted or substituted with 

one or more 

(i) halo, 

(ii) -OH, 

25 (iii)-CN. 

(iv) -0-Ci.io alkyl, 

(v) -CmO alkyl, 

(vi) -C2-IO alkenyl, 

(vii) -C2-10 alkynyl, 
30 (viii) ~C3-8 cycloalkyl, 

(ix) aryl selected from the group consisting of phenyl and napthyl, or 

(x) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
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pyridazinyl, pyridyl, pyrimidiiiyU pyrrolyl, tetrazolyl, furanyl, imidazolyU 
triazinyl, pyianyl, thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, 
thiazolyl, oxadiazolyl, indolyU qumolinyl, isoquinolinyl, benzimidazolyl and 
benzoxazolyl, 

and said aiyl and heteroaryl is unsubstituted or substituted with one or more 

(i) halo, 

(ii) -OH, 

(iii) -CN, 

(iv) -OCi.ioalkyl, 

(v) -C3-8 cycloallqrl, 

(vi) -Ci-10 alkyl, , 

(vii) -C2-IO alkenyl, or 

(viii) -C2-IO alkynyl; 

r7 is selected from the group consisting of 

(a) hydrogen, 

(b) -Ci40 alkyl 

(c) -C2-IO alkenyl, or 

(d) -C2-10 alkynyl 

wherein said alkyi, alkenyl or alkynyl is unsubstituted or substituted with one or more 

(i) halo, 

(ii) -OH. 

(iii) -CN, 

(iv) -O-Cnoalkyl, 

(v) -C3.8 cycloalkyi, 

(vi) aryl selected from the group consisting of phenyl and napihyl. or 

(vii) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, 
triazinyl, pyranyl, thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, 
thiazolyl, oxadiazolyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl and 
benzoxazolyl. 
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wherein said cycloalkyl, aryl or heteroaryl is unsubstituted or substituted with one or 
more 

(i) halo, 

(ii) -OH, 

(iii) -CN, 

(iv) -O-Ci-io alkyl, 

(v) -C3-8 cycloalkyl, or 

(vi) aryl selected from the group consisting of phenyl and napthyl; 

(2) 



(3) 




;and 



R3 is selected from the group consisting of 




; and 




(3) 



wherein r5 is selected from the group consistmg of 
(1)-Cmo alkyl. 
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(2) -C2-IO alkenyl, or 

(3) -C2.10alIqaiyl, 

wherein said alkyl, alkenyl or alkynyl is unsubstituted or is substituted with one or more halo; 

5 R6a, R6b, and R6c are independently selected from the group consisting of: 

(1) hydrogen. 

(2) halo, 

(3) -CM0alkyl, 

(4) -C2-10 alkenyl, 
10 (5) -C2-IO alkynyl, 

(6) -OH, 

(7) -CN, 

(8) cycloalkyl, and 

(9) -0-Ci-ioalkyl; 

15 

R9 and RIO are independently selected from the group consisting of 

(1) hydrogen, 

(2) -Ci.ioaIkyl, 

(3) -C2-10 alkenyl, 
20 (4) -C2.10 alkynyl, or 

(5) -<^3-8 cycloalkyl; 

wherein said alkyl, alkenyl, alkynyl or cycloalkyl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -OH, 

25 (c)-CN, 

(d) -C3-8 cycloalkyl, 

(e) -CM:Moan^l 

or r9 and RlO are joined together with the nitrogen atom to which they are attached to form a 
pyrrolidine ring, which is unsubstituted or substituted with one or more 
30 (a) Ci-10 alkyl, 

(b) -C2.IO alkenyl, 

(c) -C2-10 alkynyl. 
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(d) -C3.8 cycloalkyl, 

(e) -(CH2)n-phenyl, 

(f) -CN, 

wheiein said allcyl, alkenyl or alkynyl is unsubstituted or substituted with one or more 
S i) halo, 

ii) -OH. 

iii) -CN, 

iv) -O-Ci-io alkyl, or 

v) -C3-8 cycloalkyl, 

10 and said cycloalkyl and phenyl is unsubstituted or substituted with one or more 

i) halo, 

ii) -CMO alkyl. 

iii) -C2-IO alkenyl, 

iv) -C2.10 alkynyl, 
15 v)-OH, 

vi) -CN, 

vii) -C3-8 cycloalkyl, or 

viii) -CM:i-io alkyl; 



20 Rl 1 is selected from the group consisting of 

(1) ~CH-. 

(2) -0-,and 

(3) -NR8-. 

provided that when Rl 1 is -CH~ the dotted line fonns a bond and when Rl 1 is -O- or -NR^-the dotted 
25 line is absent; 



R8 is selected from the group consisting of 

(1) hydrogen, 

(2) Ci-ioalkyl, 
30 (3) -C2.IO alkenyl, 

(4) -C2-IO alkynyl, or 

(5) -CH2- phenyl. 
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wheiein said alkyl, alkenyl, alkynyl or phenyl is unsubstituted or substituted with oiLe 
or more 

(a) halo, 

(b) -OH, 

(c) -CN, 

(d) -C3-8 cycloalkyl, 

(e) -aCi-io alkyl; 

R12 is selected from the group consisting of 

(1) hydrogen, 

(2) -Ci.ioalkyU 

(3) -C2-l0alkenyl, 

(4) ~C2-10 alkynyl. 

(5) halo, 

(6) -C3-8 cycloalkyl, 

(7) aryl selected from the group consisting of phenyl and napthyl, and 

(8) heteroaryl selected from the group consistmg of pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, 
pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, triazinyl, pyranyl, thiazolyl, thienyl, 
thiophenyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, oxadiazolyl, indolyl, quinolinyl, 
isoquinolinyl, benzimidazolyl and benzoxazolyl, 

wherein said aryl and heteroaryl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -OH, 

(c) -CN, 

(d) -^-Cno alkyl, 

(e) cycloalkyl, 

(f) -CMO alkyl. 

(g) --C2-IO alkenyl. or 

(h) -C2-lO alkynyl 



mis 0, 1.2 or 3; 
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nisO, 1,2, 3 or 4; 
pis 1.2,3or4; 

and phannaceutically acceptable salts thereof. 
5 In a preferred embodiment of the compounds of the invention, A is other than CH2OH. 

In another preferred embodiment of the conqpounds of the invention, X is O. 
In another preferred embodiment of the conq)oimds of the invention, A is selected 
from the group consisting of 
(1) hydrogen, 
10 (2) -Ci-10 alkyl. and 

C3)-C2-10alkenyl, 

wherein said alkyl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -C3^ cycloalkyl, 

15 (c)-CN 

(d) -0-CMO alkyl, 

(e) phenyl, or 

(f) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, triazinyl, 

20 pyranyl, thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, 

oxadiazolyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl and benzoxazolyl, 

and said alkenyl is unsubstituted or substituted with one or more 
(a) halo, 

25 (b) -C3-8 cycloalkyl, 

(c) -OH, 

(d) -CN, 

(e) -0-Ci.io alkyl, 

(f) phenyl, or 

30 (g) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
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pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, triazinyU 
pyranyl, thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, 
oxadiazolyl, indolyl. quinolinyl. isoquinolinyl, benamidazolyl and benzoxazolyl, 

S and said phenyl and heteroaryl is unsubstituted or substituted with one or 

more 

(i) halo, 

(ii) "OH. 

(iii) -CN, 

10 (iv)-O'CMOall^l, 

(v) -Ci-ioallsyUor 

(vi) -C3-8 cycloalkyl. 

In a more preferred embodiment of the conq)Ounds of the invention, A is selected from the 

group consisting of 
15 (l)-CMoalkyl,and 
(2)-C2-l0alkBnyU 

wherein said allg^l or alkenyl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -C3-8 cycloalkyl, 
20 (c)-CN 

(d) -O-CM0 alkyl, 

(e) phenyl, or 

(f) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, pyridazinyl, 
pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, hnidazolyl, triazinyl, pyranyl, 

25 thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, oxadiazolyl, 

indolyl, quinolinyl, isoquinolinyl, benzimidazolyl and benzoxazolyl. 
In a more preferred embodiment of the compounds of the invention, A is 
unsubstitued -Ci-io alkyl or unsubstitued -C2-IO alkenyl. hi a still further preferred 
embodiment, A is unsubstitued -Ci-6 alkyl or unsubstitued -C2-6 alkenyl. Li an even 
30 more preferred embodiment, A is unsubstitued -Ci^ alkyl or unsubstitued -C2-4 
alkenyl. 

In a preferred embodiment of the compounds of the invention, Rl is selected from 
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the group consisting of 

(1) aryl selected fix)in the group consistmg of phenyl and napthyl, or 

(2) heteroaryl selected from the group consisting of pyraanyl, pyrazolyl, 

pyridazmyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, fiiranyl, unidazolyl, triazinyl, pyranyl, 
5 thiazolyl, thienyl, thiophenyl, triazolyl. oxazolyl, isoxazolyl. thiazolyl, oxadiazolyl, indolyl, 

quinolinyl, isoqainolinyl, benzimidazolyl and benzoxazolyl, 
wherein said aryl or heteroaryl is unsubstituted or substituted with one or noiore 

(a) halo, 

(b) -Ci^ alkyl 

10 (c)-OH, 

(d) -CN,or 

(e) -0-Ci-6alkyl, 

wherein mis 1 or 2. 

In a more preferred embodiment, Rl is phenyl, unsubstituted or substituted in one or two 
15 positions with halo, preferably with fluoro or cUoro, and m is 1. 

' In a prefmed embodiment of the compounds of the invention, is selected from 

the group consisting of 

(1) (R'^-S02)N(R7)-, wherein R4 is -Ci-6 alfcyl, wherein said aUcyl is unsubstituted or 

substituted with one or more 
20 (i)halo, 

(ii) -Oa 

(iii) ^, 

(iv) -0-Ci-6alkyl,Qr 

(v) -Ci^ alkyl, 

25 » r7 is selected from the group consisting of 

(a) hydrogen, 

(b) -Ci-6 alkyl, 

wherein said alkyl is unsubstituted or substituted with one or more 
(i) halo, 

30 (ii)-OH, 

(iii) -CN, 

(iv) -0-Ci.6 alkyl, 
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Id a mote preferred embodiment of the con^tounds of the invention, R2 is (R4s02)N(R7K 
10 wherein R4 and R7 arc each Ci-6 alkyl, for example are each OBthyl. 

hi a prefored embodimoit of the compounds of the invention, R3 is selected from 
the group consisting of 




and 



n 



(c) 



wherein r5 is Ci-6 alkyl, optionally substituted with one or more halogen (preferably fluoro); 
15 R6a, R6b, and r6c are independently selected from the group consisting of: 

(1) hydrogen, 

(2) halo. 
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(3) -<:i^alkyl, 

(4) -OH, 

(5) -C3Sr.and 

(6) -0-Ci^ alkyl; 

B9 and RlO are independently selected from the group consisting of 

(1) hydrogen, and 

(2) -Ci-6alkyl. 

or R9 and R^O are joined together with the nitrogen atom to which they are attached to form a 
pyrrolidine ring, which is unsubstituted or substituted with one or more 



(a) Ci^ alkyl, 

(b) -(CH2)n-phenyl; 

wherein said alkyl and phenyl is unsubstituted or substituted with one or more 

i) halo, 

ii) -Ci-6alkyl, 

iii) -OH, 

iv) -CN,Qr 

v) -O-Ci-6 alkyl; and 



Rll is selected from the group consisting of 

(1) -CH-, 

(2) -0-.and 

(3) -NR8-, wherein r8 is hydrogen 

provided that when Rl 1 is -CH- the dotted line forms a bond and when Rl 1 is -O- or -NR^-the dotted 
line is absent; and 

r12 is selected from the group consisting of 

(1) hydrogen, 

(2) -Ci-6 alkyl. 

In a more preferred embodiment of the confounds of the invention, R3 is 
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wherein R5, R6a^ R6b, r6c are as defined above. In preferred embodiments, r5 is Ci-6 alkyl, 
optionally substituted with one or more halogen (preferably fluoro); and R6a, R6b and R6c are 
independently selected from the group consisting of: 
(1) hydrogen, 

5 (2) halo, 

(3) -Ci-6alkyl, 

(4) -OH, 

(5) -CN,and 

(6) -0-Ci-6alkyL 

10 hi a more preferred embodiment, R3 is (a) as described above and r5 is methyl. In another 

preferred embodiment, r3 is (a) as described above and R6a and R6b are hydrogen and R6c is fluoro. 
Li another embodiment of the con^unds of the invention, Y is CH. 
In another embodinfient of the compounds of the invention, Y is N. 
Another embodiment of the present invention is directed to compounds of formula (II): 




15 

wherein A, Y, Rl, R2 , R5, R6a, R6b, r6c and m are as defined above, and pharmaceutically acceptable 
salts thereof. In one embodiment of the conq)Ounds of formula (H), R^ is methyl. In another 
embodiment of the compounds of formula (11), R6a and R6b are hydrogen and R6c is fluoro. 
In a preferred embodiment of the conopounds of formula (II), A is other than CH2OH. 

20 Another embodiment of the present invention is directed to compounds of the formula QU) 
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R2 




(III) 

wherein A,Y, Rl, R2, r1 1, Rl2 and m are as defined above, and pharmaceutically acceptable salts 
thereof, hi preferred embodiments of the compounds of formula (III), Y is N and Rll is NR8. 
In a preferred embodiment of the conqjounds of formula (HI), A is other than CH2OH. 

Another embodiment of the present invention is directed to compounds of the formula (IV): 




(IV) 

wherein A, Y, R1. R^ , R^, R^ and m are as defined above, and phannaceutically acceptable salts 
thereof. In preferred embodiments, R4 and R7 are each Ci-6alkyl, for example are each methyl. 

In a preferred embodiment of the conqwunds of formula (IV)^ A is other than CH2OH. 

Another embodiment of the invention is directed to coinpounds of the formula (V): 
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(V) 

wherein Rl3a and Rl3b arc independently selected from the group consisting of 

(a) halo, 

(b) -CMoaIkyl, 
5 (c)-OH, 

(d) -CN, 

(e) -O-CMO alkyl, 

(f) hydrogen, and 

(g) -C3.8 cycloalkyl; and 

10 m is 1, and wh^in A, Y, and R3 are as defined above, and pharmaceutically acceptable salts thereof. 
In preferred embodiments, Rl2 and Rl3 are each halo, preferably either fluoro or chloro. 

hi a pteferred embodiment of the confounds of formula (V), A is other than CH2OH. 

Another embodiment of the present invention is directed to compounds of formula (VI) 




15 (VI) 

wherein A, Y, Rl, R2, r3 and m are as defined above, and phannaceutically acceptable salts thereof. 
In a preferred embodiment of the compounds of formula (VI), A is other than CH2OH. 
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Another embodiment of the present invention includes a compound which is selected from the 
title compounds of the following Exaxnples and phaimaceutically acceptable salts thereof. 

As used herein, the term "alkyl," by itself or as part of another substituent, means a saturated 
straight or branched chain hydrocarbon radical having the number of carbon atoms designated (e.^.» Ci. 
5 10 ^1^1 means an dJkyl ffoup having from one to ten carbon atoms). Preferred alkyl groups for use in 
the invention are Ci-6 alkyl groups, having from one to six carbon atoms. Exemplary alkyl groups 
include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, tert-butyl, pentyl, hexyl, and the like. 

As used herein, the term "cycloalkyl," by itself or as part of another substituent, means a 
saturated cyclic hydrocarbon radical having the number of carbon atoms designated (^.g., C3-8 

10 cycloalkyl means a cycloalkyl group having from three to eight carbon atoms). Exemplary cycloalkyl 

groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and the like. 

As used herein, the term '"alkenyl," by itself of as part of another substituent, means a straight or 

branched chain hydrocarbon radical having a single carbon-carbon double bond and having the number 

of carbon atoms designated (e.g,^ C2.10 alkenyl means an alkenyl group having from one to ten carbon 
15 atoms). Prefened alkenyl groups for use in the mvention are C2-6 alkenyl groups, having from two to 

six carbon atoms. Exemplary alkenyl groups include ethenyl, n-propenyl, isopropenyl, butenyl, and the 

like. 

As used herein, the term "alkynyl", by itself or as part of another substituent, means a saturated 
straight or branched chain hydrocarbon radical having the number of carbon atoms designated (e.g., 
20 C2-10 alkynyl means an alkynyl group having from two to ten carbon atoms). Preferred alkynyl groups 
for use in the invention are C2-6 alkynyl groups, having from two to six carbon atoms. Exen^lary 
alkynyl groups include ethynyl and propynyl. 

The term "halo" or "halogen" includes fluoro, chloro, bromo and iodo. 
The conq>ounds of the instant invention have at least one asymmetric center. Additional 
25 asymmetric centers may be present depending upon the nature of the various substituents on the 

molecule. Compounds with asymmetric centers give rise to enantiomers (optical isomers), diastereonn»&rs 
(configurational isomers) or both, and it is intended that all of the possible enantiomers and 
diastereomers m mixtures and as pure or partially purified conq)ounds are included within the scope of 
this invention. The present invention is meant to enconq)ass all such isomeric forms of these 
30 conq)oimds. 

The independent syntheses of the enantiomerically or diastereomerically enriched compounds, or 
their chromatographic separations, may be achieved as known in the art by appropriate modification of 
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the methodology disclosed herein. Their absolute stereochemistry may be determined by the x-ray 
crystallography of crystalline products or crystalline intermediates that are derivatized, if necessary, with 
a reagent containing an asymmetric center of known absolute configuration. 

If desired, racemic mixtures of the confounds may be separated so that the individual 

5 enantiomers are isolated. The separation can be carried out by methods well known in the art, such as 
the coupling of a racemic mixture of compounds to an enantiomerically pure conqpound to form a 
diastereomeric mixture, followed by separation of the individual diastereomers by standard methods, 
such as fractional crystallization or chromatography. The coupling reaction is often the formation of 
salts using an enantiomerically pure acid or base. The diastereomeric derivatives may then be converted 

10 to the pure enantiomers by cleavage of the added chiral residue. The racemic mixture of the compounds 
can also be separated directly by chromatographic methods utilizing chiral stationary phases, which 
methods are well known ra the art 

Alternatively, any enantiomer of a compound may be obtained by stereoselective synthesis using 
optically pure starting materials or reagents of known configuration by methods well known in the art 

15 The compounds of the present invention are prepared by the methods outlined in Schemes 1-10, 

below. 

In Scheme 1, an amino acid derivative of type 1 is converted to the conespondiag alcohol 2, 
which can be protected as its Boc derivative 2a. A two step alkylation of glycine Schiflf base 3 gives 
protected quaternary amino acid derivatives such as 4. Schiff base deprotection, followed by ester 
20 reduction, provides an alternate route to compound 2. The alkylation of 3 for the synthesis of 4 may be 
performed in an enantioselective maimer as described in the literature {see K. Maruoka et al, J. Am. 
Chem. Soc. 2000, 122, 5228-5229 and M. North et al. Tetrahedron Lett. 2003, 44, 2045-2048). 
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Scheme 1 
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In Scheme 2, below, dimethyl S-aminoisophtbalate 5 is converted to bromide 6 via a 6-step 
sequence involving sulfonylation, alkylation, hydrolysis, amine coupling, reduction, and bromination. 
5 Deprotonation of alcohol 2 followed by allsylation with bromide 6 gives access to derivative 7. 
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Scheme 2 




Scheme 3 illustrates the preparation of bromide of type 9 from dimethyl 5-iodoisophthalate 8 via 
Pd coupling, hydrolysis, amide coupling, reduction and bromination. Alkylation of alcohol 2 with 
5 bromide 9 gives access to ether 10. 



"21- 



I 



wo 2005/051914 



PCTAJS2004/038927 



Schemes 
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Scheme 4 illustrates the piepaiation of Inomides of type 13 which are then coupled to diol 2 as 
described in scheme 2. iistallation of both side chains using Pd° coupling methodology followed by 
5 reduction of the ester moiety and subsequent bromination provides 13. 
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Scheme 4 




Scheme 4A, which is an alternative to Scheme 4, describes the installation of the ether 
linkage prior to the incorporation of the left hand amine, relying on similar methodology as described in 
5 schemes 2 and 4. 
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Scheme 4A 
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Scheme 5 illustrates the preparation of bromides of type 17 and 20 that are then coupled to 
alcohol 2 as described in scheme 2. Phenol 14 is alkylated and the methyl ester is converted to a 
bromomethyl functionality giving access to intermediate 15. The cyano-cycloalkyl group is introduced 
via TMS-CN and the necessary dibromoalkane. Subsequent cyclopropanation provides 16 that is 
converted to bromide 17. The preparation of bromide 20 relies on similar methodology regarding the 
R'^-bearing side chain and a Curdus rearrangement for the introduction of R^NSOiR^- 
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Scheme 5 
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Scheme 6 illustrates two alternative preparations of bromide of type 21 that is then coiqpled to 
alcohol 2 as described in scheme 2. The first preparation relies on conversion of the methyl tstet to an 
aldehyde and a Wittig coupling to install the R"-bearing alkrae. The second preparation is based on an 
indenium/palladium coupling strategy. 

Scheme 6 
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In Scheme 7, chloroethers of type 24 can be converted to the conesponding acids of type 
25, that can then be coi^led to the left hand amines to afford pyridine amides of type 26. 

Scheme 7 
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Scheme 8 describes the preparation of amides of ^e 30 and amines of type 31. Acid 27 
is obtained from dimethyl S-aminoisophtalate 5 using similar transformations as described before. 
Amides 30 are prepared using standard coupling reagents while amines 31 are derived from bromide 29 
obtained from acid 28 by reduction and bromination. 
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Scheme 8 
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The general preparation of benzyl bromides of type 33 is shown as Scheme 9. Starting 
with 32, bronnination of the benzyl alcohol, cyanide displacement of the resultmg benzyl bromide and 
alkylation with the appropriate dibromoalkane provides the corresponding cyanocarbocycle. Ester 
monohydrolysis, acid reduction and bromination gives access to benzyl bromide 33. Etherification with 
amino alcohol 2a and ester hydrolysis yields acid 34, which can be coupled with the desired amme. 
Removal of the Boc protecting group gives die desired final product 35. 
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Scheme 9 
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The general preparation of benzyl ammo conqwunds of type 37 and 38 is shown as Scheme 10. 

5 Starting with ammo acid 1, esterification and Boc protection, followed by reduction with DIBAL 
afforded the Boc protected aminoalcohol. The alcohol was oxidized to the aldehyde and reductively 
aminated with benzyl amine. The resulting benzyl group was removed using Pd(0H)2 and a H2 
atmosphere to afford the desired amine precursor 36. Displacement of benzyl bromide 6 witii 36 and 
deprotection gives access to final compoimds of type 37. Ester hydrolysis of 12, followed by EDC 

10 coupling with 36, borane reduction of the resulting amine and removal of the Boc protecting group gives 
the desired final products of type 38. 
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Scheme 10 
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The terai "substantially pure" means that the isolated material is at least 90% pure, and 
preferably 95% pure, and even more preferably 99% pure as assayed by analytical techniques known in 
the art. 

The term "phannaceutically acceptable salts" refers to salts prepared from phaimaceutically 
acceptable non-toxic bases or acids including inorganic or organic bases and inorganic or organic adds. 
Salts d^ved from inorganic bases include aluminum, ammonium, calcium, copper, ferric, ferrous, 
lithium, magnesiimi, manganic salts, manganous, potassium, sodium, zinc, and the like. Particularly 
preferred are the ammonium, calcium, magnesium, potassium, and sodium salts. Salts in the solid form 
may exist in more than one crystal structure, and may also be in the form of hydrates. Salts derived from 
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phaimaceutically acceptable organic non-toxic bases include salts of primary, secondary, and tertiary 
amines, substituted amines including naturally occurring substituted amines, cyclic amines, and basic ion 
exchange resins, such as arginine, betaine, caffeine, choline, N.N'-dibenzylethylene-diamine, 
diethylamine, 2-diethylaminoethanol, 2-dimethylaminoethanol, ethanolamme, ethylenedianrine, N-ethyl- 

5 moipholine, N-ethylpiperidine, glucamine. glucosamine, histidine, hydrabamme, isopropylamine, lysine, 
methylglucamine, morpholine, piperazine, piperidine, polyamine resins, procaine, purines, theobromine, 
triethylamme, trimethylamine, tripropylamine, tromethamine, and the like. When the compound of the 
present invention is basic, salts may be prepared from pharmaceutically acceptable non-toxic acids, 
including inorganic and organic acids. Such acids include acetic, benzenesulfonic, benzoic, 

10 camphorsulfonic, citric, ethanesulfonic. fumaric, gluconic, glutamic, hydrobromic, hydrochloric, 
isethionic, lactic, maleic, malic, mandelic, methanesulfonic, mucic, nitric, pamoic, pantothenic, 
phosphoric, succinic, sulfuric, tartaric, p-toluenesulfonic, trifluoroacetic acid and the like. Particularly 
preferred are citric, hydrobromic, hydrochloric, maleic, phosphoric, sulfuric, fumaric, tartaric and 
trifluoroacetic acids. 

15 The present invention is directed to the use of the coiupounds disclosed herein as inhibitors of P- 

secretase enzyme activity or P-site amyloid precursor protein-cleaving enzyme ('TBACE") activity, in a 
patient or subject such as a mflnimal in need of such inhibition, conq)rising the administration of an 
effective amount of the con5>ound. The terms "p-secretase enzyme," "P-site amyloid precursor protem- 
cleaving enzyme," and '*BACE" are used interchangeably in this specification. In addition to humans, a 

20 variety of other mammals can be treated according to the method of the present invention. 

The present mvention is further directed to a method for the manufacture of a medicament or a 
con^osition for inhibiting P-secretase enzyme activity or p-site amyloid precursor protein-cleaving 
enzyme activity in humans and animals comprising combining a compound of the present invention with 
a pharmaceutical carrier or diluent. The invention is also dkected to a method for the manufacture of a 

25 medicament or a conqiosition for treating Alzheimer's Disease in humans and animals, conq>rising 
combuiing a conqpound of the present invention with a pharmaceutical carrier or diluent 

The conq)Ounds of the present invention have utility in treating Alzheuner*s disease. For 
example, the compounds may be useful for the prevention of dementia of the Alzheimer's type, as well 
as for the treatment of early stage, intermediate stage or late stage dementia of the Alzheimer's type. The 

30 compounds may also be useful in treating diseases mediated by abnormal cleavage of amyloid precursor 
protein (also referred to as APP), and other conditions that may be treated or prevented by inhibition of 
P-secretase. Such conditions include mild cognitive ui5)ainnent. Trisomy 21 (Down SyndromeX cerebral 
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amyloid angiopathy, degenerative dementia. Hereditary Cerebral Hemorrhage with Amyloidosis of the 
Dutch-Type (HCHWA-D), CreutzfeldJakob disease, prion disorders, amyotrophic lateral sclerosis, 
progressive supranuclear palsy, head tmuma, stroke, Down syndrome, pancreatitis, inclusion body 
myositis, other peripheral amyloidoses, diabetes and atherosclerosis. 

5 The subject or patient to whom the conq)Ounds of the present invention is administered is 

generally a human being, male or female, in whom inhibition of ^-seoretase enzyme activity is desired, 
but may also encompass other mammals, such as dogs, cats, mice, rats, cattie, horses, sheep, rabbits, 
monkeys, chin^anzees or other apes or primates, for which inhibition of P-secretase enzyme activity or 
treatment of the above noted disorders is desired. 

10 The compounds of the present invention may be used in combination with one or more other 

drugs in the treatment of diseases or conditions for which the compounds of the present invention have 
utility, where the combination of the drugs together are safer or more effective than either drug alone. 
Additionally, the compounds of the present invention may be used in combuiation with one or more other 
drugs that treat, prevent, control, ameliorate, or reduce the risk of side effects or toxicity of the 

IS coiiq)Ound5 of the present invention. Such other drugs may be administered, by a route and in an amount 
commonly used therefor, conteii?>oraneously or sequentially with tiie compounds of the present 
invention. Accordingly, the pharmaceutical conq)ositions of the present invention include those that 
contain one or more other active ingredients, in addition to the compounds of the present invention. The 
combinations may be administered as part of a imit dosage form combination product, or as a kit or 

20 treatment protocol wherein one or more additional drugs are administered in separate dosage fonns as 
part of a treatment regimen. 

Examples of combinations of the conipounds of the present invention with other drugs in either 
unit dose or kit form include combinations with: anti-Alzheimer's agents, for example other beta- 
secretase inhibitors or gamona-secretase inhibitors; HMG-CoA reductase inhibitors; NSAID's including 

25 ibuprofen; vitamin E; anti-amyloid antibodies; CB-1 receptor antagonists or CB-1 receptor inverse 
agonists; antibiotics such as doxycycline and rifampin; N-methyl-D-aspartate .(NMDA) receptor 
antagonists, such as memantine; cholinesterase inhibitors such as galantamine, rivastigmine, donepezil, 
and tacrine; growth hormone secretagogues such as ibutamoren, ibutamoren mesylate, and capromorelin; 
histamine H3 antagonists; AMPA agonists; PDE IV inhibitors; GABAa inverse agonists; neuronal 

30 nicotiiuc agonists; or other drugs that affect receptors or enzymes that either increase the efficacy, safety, 
convenience, or reduce unwanted side effects or toxicity of the conq>ounds of the present invention. The 
foregoing list of combinations is illustrative only and not intended to be limiting in any way. 
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The tenn "composition" as used herein is intended to encompass a product comprising specified 
ingredients in predetermined amomits or proportions, as well as any product which results, directiy or 
indirectiy, from combination of the specified ingredients in the specified amounts. This term in relation 
to pharmaceutical compositions is intended to encompass a product conq>rising one or more active 

S ingredients, and an optional carrier conqirising inert ingredients, as well as any product which results, 
diiectiy or indirectiy , from combination, complexation or aggregation of any two or more of the 
ingredients, or from dissociation of one or more of the ingredients, or from other types of reactions or 
interactions of one or more of the ingredients. In general, pharmaceutical coDoqpositions are prepared by 
uniformly and intimately bringing the active ingredient into association with a liquid carrier or a finely 

10 divided solid carrier or both, and then, if necessary, shaping the product into the desired formulation. In 
the pharmaceutical composition the active object confound is included in an amount sufficient to 
produce the desired effect upon the process or condition of diseases. Accordingly, the pharmaceutical 
coixq)ositions of the present invmtion encompass any composition made by admixing a compound of the 
preset invention and a pharmaceutically acceptable carrier. 

IS Pharmaceutical conq)ositions intended for oral use may be prepared according to any method 

known to the art for the manufacture of pharmaceutical compositions and such conq)Ositions may contain 
one or more agents selected from the group consisting of sweetening agents, flavoring agents, coloring 
agents and preserving agents in order to provide pharmaceutically elegant and palatable preparations. 
Tablets may contain the active ingredient in admixture with non-toxic pharmaceutically acceptable 

20 excipients which are suitable for the manufacture of tablets. These excipients may be, for example, inert 
diluents, such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate; 
granulating and disintegrating agents, for example, com starch, or alginic acid; binding agents, for 
example starch, gelatin or acacia, and lubricating agents, for example magnesium stearate, stearic acid or 
talc. The tablets may be uncoated or they may be coated by known techniques to delay disintegration 

25 and absorption in the gastrointestinal tract and thereby provide a sustained action over a longer period. 

Compositions for oral use may also be presented as hard gelatin capsules wherein the active 
mgredient is mixed with an inert solid diluent, for exaniple, calcium carbonate, calcium phosphate or 
kaolin, or as soft gelatin capsules wherein the active ingredient is mixed with water or an oil medium, for 
example peanut oil, liquid paraffin, or olive oil. 

30 Other pharmaceutical compositions include aqueous suspensions, which contain the active 

materials in admixture with excipients suitable for the manufacture of aqueous suspensions. In addition, 
oily suspensions may be formulated by suspending the active mgredient in a vegetable oil, for example 
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arachis oil, olive oil, sesame oil or coconut oil, or in a mineral oil such as liquid paraffin. Oily 
suspensions may also contain various excipients. The pharmaceutical compositions of the invention may 
also be in the form of oil-in-water emulsions, which may also contain excipients such as sweetening and 
flavoring agents. 

S The pharmaceutical compositions may be in the form of a sterile injectable aqueous or 

oleaginous suspension, which may be formulated according to the known art, or may be administered in 
the form of suppositories for rectal administration of the drug. 

The compounds of the present invention may also be administered by inhalation, by way of 
inhalation devices known to those skilled in the art, or by a transdermal patch. 

10 By "phannaceutically acceptable" it is meant the carrier, diluent or excipient must be compatible 

with the other ingredients of the formulation and not deleterious to the recipient thereof. 

The terms "administration of or "administering a" compound should be understood to mean 
providing a confound of the invention to the individual in need of treatment in a form that can be 
introduced into that individual's body in a therapeutically useful form and therapeutically useful amount, 

15 including, but not limited to: oral dosage forms, such as tablets, capsules, syrups, suspensions, and the 
like; injectable dosage fonns, such as IV, IM, or IP, and the like; transdennal dosage forms, including 
creams, jellies, powders, or patches; buccal dosage forms; inhalation powders, sprays, suspensions, and 
the like; and rectal suppositories. 

The terms "effective amount" or "therapeuticaUy effective amount" means the amount of the 

20 subject compound that will elicit the biological or medical response of a tissue, system, animal or human 
that is being sought by the researcher, veterinarian, medical doctor or other clinician. As used herein, the 
term "treatment" refers to the treatment of the mentioned conditions, particularly in a patient who 
demonstrates symptoms of the disease or disorder. 

The compositions containing compounds of the present invention may convenientiy be presented 

25 in unit dosage form and may be prepared by any of the methods well known in the art of pharmacy. The 
term '"unit dosage form'* is tali^ to mean a single dose wherem all active and mactive ingredients are 
combined in a suitable system, such that the patient or person adminstering the drug to the patient can 
open a single container or package with the enture dose contained therein, and does not have to mix any 
conponents together firom two or more containers or packages. Typical exan^les of unit dosage forms 

30 are tablets or capsules for oral administration, single dose vials for injection, or suppositories for rectal 
administration. This list of unit dosage forms is not intended to be limiting in any way, but merely to 
represent typical examples of unit dosage forms. 
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The conqK)sitions containing conipounds of the piesent invention may conveniently be presented 
as a kit, whereby two or more components, which may be active or inactive ingredients, carriers, 
diluents, and the like, are provided with instructions for preparation of the actual dosage foim by the 
patient or person adminstering the drug to the patient Such kits may be provided with all necessary 
5 materials and ingredients contained therein, or they may contain instructions for using or making 

materials or components that must be obtained independently by the patient or person administering the 
drug to the patient. 

When treating Alzheimer's disease or other diseases for which con5)Ounds of the present 
invention are indicated, generally satisfactory results are obtained when the compounds of the present 

10 invention are administered at a daily dosage of from about 0. 1 mg to about 100 mg per kilogram of 

animal body weight, preferably given as a single daily dose or in divided doses two to six times a day, or 
in sustained release fonn. The total daily dosage is from about 1.0 mg to about 2000 mg, preferably from 
about 0.1 mg to about 20 mg per kg of body weight In the case of a 70 kg adult human, the total daily 
dose will generally be from about 7 mg to about 1,400 mg. This dosage regimen may be adjusted to 

IS provide the c^timal therapeutic response. The compounds may be administered on a regimen of 1 to 4 
times per day, preferably once or twice per day. 

Specific dosages of the compounds of the present invention, or pharmaceutically acceptable salts 
thereof, for administration include 1 mg, 5 mg, 10 mg, 30 mg, 80 mg, 100 mg, 150mg, 300mg and 500 
nag. Pharmaceutical conq>ositions of the presMit invention may be provided in a formulation comprising 

20 about 0.5 mg to 1000 mg active ingredient; more preferably conq>rising about 0.5 mg to 500 mg active 
ingredient; or 0.5 mg to 250 mg active ingredient; or 1 mg to 100 mg active ingredient Specific 
pharmaceutical compositions useful for treatment may comprise about 1 mg» 5 mg, 10 mg, 30 mg, 80 mg, 
100 mg, 150 mg, 300mg and 500 mg of active ingredient 

It wiU be understood, however, that the specific dose level and frequency of dosage for any 

25 particular patient may be varied and will depend upon a variety of factors including the activity of the 
specific compoimd employed, the metabolic stability and length of action of that compound, the age, 
body weight, general health, sex, diet, mode and time of administration, rate of excretion, drug 
combination, the severity of the particular condition, and the host undergomg therapy. 

The utility of the compounds in accordance with the present invention as iohibitors of 

30 secretase enzyme activity may be demonstrated by methodology known m the art Enzyme inhibition is 
determined as follows. 
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FRET Assay: A homogeneous end point fluorescence resonance energy transfer (FRET) assay is 
used with the substrate ([TAMRA-5-CO-EEISEVNLDAEF-NHQSY] QFRET ), which is cleaved by 
B ACE 1 to release the fluorescence from TAMRA. The Km of the substrate is not determined due to the 
limit of solubility of the substrate. A typical reaction contains approximately 30 nM enzyme, 1.2S /iM of 
5 the substrate, and buffer (50 mM NaOAc, pH 4.5, 0. 1 mg/ml BSA, 0.2% CHAPS, 15 mM EDTA and 1 
mM deferoxamine) in a total reaction volume of 100 |il. The reaction proceeds for 30 min and the 
Uberation of TAMRA fragment is measured in a 96-well plate UL Analyst AD using an excitation 
wavelength of 530 nm and an emission wavelength of 580 nm. Under these conditions, less than 10% of 
substrate is processed by BACE 1. The enzyme used in these studies was soluble (transmembrane 
10 domain and cytoplasmic extension excluded) human protein produced in a baculovirus expression 
system. To measure the inhibitory potency of confounds, solutions of inhibitor in DMSO (four 
concentrations of the inhibitors were prepared: ImM, 100 jxM, 10 fiM, 1 ixM) were included in the 
reactions mixture (final DMSO concentration is 0.8%). All experiments were conducted at rt using the 
standard reaction conditions described above. To determine the IC50 of the conqiound, competitive 

IS equation VOA^i = 1 + [Ti/|IC}50] was used to predict the inhibitory potency of the compounds. The errors 
in reproducing the dissociation constants are typically less than two-fold. 

HPLC assay: A homogeneous end point HFLC assay is used with the substrate 
(coumarin-CO-REVNFEVEFR), which is cleaved by BACE 1 to release the N-temrinal fragment 
attached with coumarin. The Km of the substrate is greater than 100 fiM and can not be determined due 

20 to the limit of solubility of the substrate. A typical reaction contains approximately 2 nM enzyme, 1 .0 
/iM of the substrate, and buffer (50 mM NaOAc, pH 4.5, 0.1 mg/ml BSA, 0.2% CHAPS, 15 mM EDTA 
and 1 mM deferoxamine) in a total reaction volume of 100 pJ. The reaction proceeds for 30 mm and the 
reaction is stopped by the addition of 25 jiiL of 1 M Tris-HCl, pH 8.0. The resulting reaction mixture is 
loaded on the HPLC and the product is separated from substrate with 5 min linear gradient Under these 

25 conditions, less than 10% of substrate is processed by BACE 1. The enzyme used in these studies was 
soluble (transmembrane domain and cytoplasmic extension excluded) human protein produced in a 
baculovirus expression system. To measure the mhibitory potency for conq)Ounds, solutions of mhibitor 
in DMSO (12 concentrations of the inhibitors were prepared and the concentration rage was dependent 
on the potency predicted by FRET) were included in the reaction mixture (final DMSO concentration is 

30 10 %). All experiments were conducted at rt using the standard reaction conditions described above. To 
determine the IC50 of the confound, four parameters equation is used for curve fitting. The errors in 

reproducing the dissociation constants are typically less than two-fold. 
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In particular, the confounds of the following examples had activity in inhibiting the beta- 
secretase enzyme in the aforementioned assays, generally with an IC50 fiom about 1 nM to 100 ^M. 

Such a result is indicative of the intrinsic activity of the compounds in use as inhibitors the beta-secretase 

enzyme activity. 

5 Several methods for preparing the confounds of this invention are illustrated in the Schemes and 

Exaiiq)les herein. Starting materials are made according to procedures known in the art or as illustrated 
herein. The following examples are provided so that the invention might be more fully understood. 
These exanq)les are illustrative only and should not be construed as limiting the invention in any way. 
The following abbreviations are used throughout the text: 



10 


Me: 


methyl 




Et: 


ethyl 




Bu: 


butyl 




t-Bu: 


tert-butyl 




An 


aryl 


15 


Ph: 


phenyl 




Ac: 


acetyl 




Bn: 


benzyl 




Boc: 


tert-butyloxy caibonyl 




Pyr: 


pyridine 


.20 


TFA: 


trifluoroacetic acid 




DMF: 


NJNf' -dimethyl formamide 



DIPEA: Diisopropylethylamine 

NIS: N-iodosuccinimide 

DMI: (l,3-diinethyl)-2-imidazolidinone 
25 TBAF: tetra-n-butylammonium fluoride 

HMDS: hexamethyldisilazane 

THF: tetrahydrofuran 

DMSO: dimethylsulfoxide 

EDTA: ethylene diamine tetraacetic acid 
30 rac: racemic 

CBz: Benzyloxycarbonyl 

CDI: N,lsr-carbonyldiimidazole 



-37- 



wo 2005/051914 



PCT/US2004/038927 



DIBAL: diisobutylaluminium hydride 

BOP: Beiizotriazol-l-yloxy-lris(dimefhylaiiuno)phosphomu^ hexafluorophosphate 
TMS: trimethylsilyl 
BSA: bovine serum albumin 
5 CHAPS: 3-[(3-cholanudopropyl)diniethylammonio]-24iydroxy-l-propanesulfonate 

It: roomtenq)erature 
HPLC: hi^ peifoimance liquid chromatography 

10 Intermediate I: 2-amino-2-methyl-3-phenylpropan-l-ol (Scheme 1) 




To a solution of mc-a-methyl-phenylalanine (1.74 g, 9.71 mmol) in 30 mL THF at rt was added NaBKU 
(0.92 g 24,27 mmol) in one portion. The solution was cooled to 0 **C. Iodine (2.46 g, 9.71 mmol) in 5 mL 
THF was added dropwise over 30 min. After the addition was conq)lete, the reaction was heated to reflux 

IS for 2 days. The reaction was then cooled to 0 and quenched by the addition of methanol until the 

bubbling subsided. The reaction mixture was acidified by the addition of 6N HCl until pH 1, stirred at 50 

for 30 min and concentrated in vacuo. Purification using ion exchange chromatography (SCX 
cartridge) afforded 2-amino-2-methyl-3-phenylpropan-l-ol I as a white solid. ^H NMR (400 MHz, 
CDQa) 5 7.35-7.18 (m, 5H), 3.36 (A of AB, d, J = 10.4 Hz, IH). 3.31 (B of AB, d. J = 10.4 Hz, IH), 2.70 

20 (s,2H).1.04(s,3H). 

Intermediate U: 2-ammo-2-benzylhexan-l-ol (Scheme 1) 




Step A: Alkylation 
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To a solution of rflc-methyl-W-(diphenylmethylene)phenyIalaiiinate (0.50 g, 1.4 nmol) (for synthesis see: 
OTionnell et al, J. Org. Chent 1982, 47, 2663-2666) in 6 mL DMF at 0 °C was added 95% NaH (0.14g, 
5.6 mmol). After 30 nun» butyl iodide was added via syringe to the dark red reaction. Aftex 30 min at 0 
^C, the reaction was warmed to rt for 14 h, then quenched by the addition of water. The aqueous layer 
5 was extracted with EtOAc (2xX the conobined organics were washed with brine, dried over Na2S04, 
filtered and concentrated. Purification by silica gel chromatography (40g silica, 0 ->8% EtOAc/hexanes) 
afforded methyl-a-butyl-iV-(dlphenylmethylene)phenylalaninate as a viscous oil. *H NMR (400 MHz, 
CDCla) 5 7.57 (m, 2H), 7.37-7.17 (m, IIH), 7.05-7.03 (m, 2H), 3.36 (d, J = 11.5 Hz, IH), 3.32 (d, J = 
11.5 Hz, IH), 3.24 (s, 3H), 1.78 (m, 21^, 1.41 (m, 2H), 1.29-1.24 (m, 2H), 0.89 (t, J = 7.2 Hz, 3H). 
10 LaMSM+H = 400. 

Step B: Deprotection 

To a solution of inethyl-a-butyl-^-(diphenyfanethylene)phenylalaninate (0.31 g, 0.78 mmol) from step A 
in 10 mL MeOH was added 3.33M hydrochloric acid (0.69 mL. 2.3 mmol). After 1.5 h at rt, the reaction 

15 was concentrated in vacuo to remove volatiles, then redissolved m saturated aqueous NaHCOa- The 
aqueous layer was extracted with EtOAc (2x), the combined organics were washed with water, brine, 
dried over Na2S04, filtered and concentrated. Purification by silica gel chromatography (20g silica, 0 -> 
30% EtOAc/hexanes) afforded methyl-a-butylphenylalaninate as a viscous oil. ^H NMR (400 MHz, d4- 
MeOH) 5 7.30-7.23 (m, 3H), 7.14-7.12 (m, 2H), 3.68 (d, J = 13.1, IH), 3.18 (d, J = 13.1, IH). 1.92 (m, 

20 IH), 1.61 (m, IH). 1.51-1.32 (m. 3H). L12 (m, IH) M + H = 236. 

Step C: Reduction 

To a solution of methyl ester (0.13 g, 0.55 mmol) firom step B in 7.8 mL THF was added LiBH* (2.3 mL, 
4.6 mmol, 2M in THF). After 2 h at reflux, the reaction was cooled to rt and quenched by the dropwise 

25 addition of MeOH, followed by acetone. After the volatiles were removed in vacuo, the remaining 

residue was redissolved in 23 mL IN HQ and heated to 45 for 1.5 h. The volatiles were renooved in 
vacuo, and the remaining residue was redissolved in saturated aqueous NaHCOa. The aqueous layer was 
extracted with CHQa (4x), the combined organics layers were dried ov^ Na2S04, filtered and 
concentrated to afford 2-amino-2-benzylhexan-l-ol U which was used for the next reaction without 

30 further purification. ^H NMR (400 MHz, CDCI3) 8 7.32-7.18 (m, 5H), 3.32 (m, 2H). 7.70 (m, 2H), 1.53- 
1.31 (m, 6H). 0.93 (t, J = 6.8 Hz, 3H) LCMS M+H = 208. 
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Intermediate III: 3-(bromomethyl>N-[(lR)-H4-fluorophenyl)ethyl]-5- 
[methyl(methyIsulfonyl)aiiiiiio]beiizaimde (Scheme 2) 



^ O 



Step A: Sulfonylation 

5 To a stirred slurry of dimethyl S-aminoisophthalate (5.0 g, 23.90 mmol) in 100 mL CH2a2 / pyridiae 
(3:1) at O'C was added methanesulfonyl chloride (1.85 mL, 23.90 mmol). The resultmg mixture was 
stirred for 4 h at rt. The solvent was removed in vacuo and ethyl acetate (100 mL) was added resulting in 
precipitate formation. The product was collected by filtration to give the sulfonamide as a white solid. 
IH NMR (DMSO ^g) 5 8.15 (s, IH), 8.02 (s, 2H), 3.89 (s, 6H), 3.02 (s, 3H) LCMS [M-OCHa]^ = 256.16. 

10 

StepB: Methylation 

To a solution of sodium hydride (0.1S3 g, 3.83 nunol, 60 % oil dispersion) in 10 mL DMF was added 
sulfonamide (1.0 g, 3.48 mmol) from step A followed by methyl iodide (0.43 mL, 6.97 mmol). After 1 hr 
the reaction was quenched with H2O (100 mL) and extracted with EtOAc ( 3 x SO mL). The organic 
15 extracts w^e dried over MgS04 and evaporated to give the product NMR (DMSO ^5) S 8.40 (s» IH), 
8.19 (s, 2H), 3.91 (s, 6H), 3.34 (s, 3H). 3.01 (s. 3H). LCMS [M + H] = 302.15. 



StepC: Hydrolysis 

Diester (1.03 g. 3.38 mmol) from step B was dissolved m 50 mL THF:MeOH (1:1) and cooled to 0 ''C. 
20 IN NaOH (3.38 mL, 3.38 mmol) was added and the reaction was allowed to warm to rt over 8 h. The 

solution was acidified with IN HCl (30 mL) and extracted with EtOAc (3 x 50 mL). The combined 

organic extracts were washed with brine and dried over MgS04, filtered and concentrated in vacuo. 

Purification by silica gel chromatography (5% MeOH/CHCla containing 1% HOAc) gave the mono acid. 

*H NMR (DMSO ad 5 8.30 (s, IH), 8.10 (s. 2H), 3.84 (s, 3H), 3.27 (s. 3H). 2.94 (s, 3H). LCMS (M+H) = 
25 288.16. 



StepD: Amine coupling 
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A solution containing 0.133 g (0.46 mmol) of the monoacid fix>m step C in 5 mL CH2a2, BOP reagent 
(0.235 g, 0.55 mmol), (RH+)-«-methylbenzylanune (0.071 mL, 0.55 mmol), and diisopropylamine (0.24 
mL, 1.39 mmol) was stirred at ambient temperature for 1 h. Evaporation of the solvent and column 
chromatography on siUca gel (90% EtOAc/Hexanes) afforded the benzyl amide. NMR (CDQa) 5 8.26 
5 (s, IH), 8.17 (s, IH), 8.06 (s, IH). 7.31 (m, 5H), 6.50 (d, / = 7.1 Hz, IH), 5.33 (q, / = 7.1 Hz, IH). 3.96 
(s. 3H), 3.37 (s, 3H), 2.88 (s, 3H). 1.64 (d. J = 7.0 Hz, 3H). LCMS (M+H) = 391.20. 

StepE: Reduction 

To a solution of methyl ester from step D (627 mg, 1.54 mmol) in 5 mL THF cooled to 0 °C was added 
10 LiBH4 (2.3 ml, 4.62 mmol, 2.0 M in THF) dropwise. The reaction mixture was stirred at 0 °C for 20 min, 
warmed to rt for 14 h, then quenched by adding MeOH dropwise. The volatiles were removed in vacuo, 
and the residue was taken in EtOAc, washed with water, brine, dried over sodium sulfate and 
concentrated m vacuo to provide crude alcohol which was brominated as is in step F. 

15 StepF: Bronunation 

To a solution of crude alcohol from step E (355 mg, 0.93 mmol) and carbon tetrabromide (0.4 g, 1.2 
mmol) in 4.6 mL 1:1 CH3CN:CH2Cl2 was added triphenylphosphine (0.29g, 1.1 mmol) in 4.6 mL 1:1 
CH3CN:CH2Q2 dropwise. After stirring at rt for 45 nmi, two additional batches of carbon tetrabromide 
and triphenyl phosphine (2(K) nag/150 mg and 20 mg/15 mg) were added at 30 min intervals, until the 

20 reaction appeared complete by LC/MS analysis. The reaction mixture was concentrated and purified by 
flash chromatography (40 g silica, 25 -> 60% EtOAc/hexanes) to afford 220 mg of 3-(bromomethyl)-N- 
[(lR)-l-(4-fIuorophenyl)ethyl]-5-[methyl(methylsulfonyl) amino] benzamide. ^H NMR (400 MHz, 
CDCI3) 8 7.73 (s, IH). 7.65 (s, IH), 7.57 (s. IH). 7.32-7.40 (m, 2H), 7.09-7.01 (m, 2 H), 6.32 (d, J = 7.6 
Hz, IH), 5.36-5.24 (m, IH), 4.50 (s, 2H), 3.36 (s, 3H), 2.78 (s, 3H), 1.62 (d, J = 6.5 Hz, 3H). 

25 

Intermediate IV: r&rf-butyl (l-benzyl-2-hydroxy-l-methyIethyl)carbamate (Scheme 1) 



NHBoc 
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A solution of 2-ainmo-2-inethyl-3-phenylpropan-l-ol (255 mg, 1.54 mmol, iDteimediate I, Scheme 1) and 
ditertbutyldicarbonate (337 mg. 1.54 mmol) was stirred at rt for 16 h, concentrated in vacuo and purified 
by flash chromatography (silica, 0-25% EtOAc/hexanes) to provide tert-hutyl (l-benzyl-2-hydroxy-l- 
methylethyl)carbamate. as a white solid. NMR (400 MHz, CDQa) 5 7.35-7.15 (m, 5H), 4.48 (br s, 
5 IH), 4.17 (br s , IH). 3.76-3.62 (m, 2H), 3.19 (A of AB, d, J = 13.6 Hz, IH), 2.81 (B of AB, d, J = 13.6 
Hz, IH), 1.47 (s, 9H), 1.07 (s, 3H). 

Intermediate V: N-benzyH-(2-rran5-methylcyclopropyl)methanamine 



10 Step A: Coupling 

In a 2L flask rran^-crotonoic acid (15.0 g, 174 mmol), benzyl amine (20.5 g, 192 mmol) and DIPEA 
(36.7 g, 192 mmol) were dissolved in 700 mL of dichloromethane. To this solution at rt. EDC-HCl 
(36.7 g, 192 mmol) was added as a solid portionwise and stirred overnight The reaction mixture was 
poured onto 10% aq. KHSO4 (250mL). The layers were separated and washed once again with 10% aq. 
15 KHSO4. The organic layer was subsequently washed with H2O (20QmL) followed by brine (150mL), 
dried over Na2S04 and concentrated to dryness to white crystals of (2£)-//-benzylbut-2-enamide: *H 
NMR (400 MHz. CDQa) 8 7.28 (m, 5H), 6.85 (sext. J = 6.8 Hz, IH), 5.78 (dd, J = 15.2, 1.6 Hz, 2H), 
4.47 (d, J = 5.6 Hz, 2H), 1.82 (dd, J = 7.2. 1.6 Hz, 3H). 

20 StepB: Cyclopropanation 

In an Erienmeyer flask containing EtaO (300 mL) and aq. 40% KOH (11 ImL) with vigorous stirring was 
added l-methyl-3-mtro-l-nitrosoguanidine (11.1 g, 67 mmol) portionwise over 5 min. at rt. Upon 
complete addition stirring was ceased and the aq. layer frozen m a -78* bath. The ether layer was 
decanted into an Erlenmeyer with KOH pellets. The contents allowed to stand for 5 min., decanted into a 

25 third flask with KOH pellets and then poured onto a Et20/THF solution (200 mL/50 mL) contaimng 
(2B)-iV-benzylbut-2-enamide (3.0 g, 17.1 mmol from step A). Pd(0Ac)2 (180 mg, 0.9 mmol) was 
subsequently added and the reaction allowed to warm to rt and stir for Ih. Nitrogen was bubbled through 
the reaction for 10 min. The mixture was washed with H2O (150 mL). The organic layer was isolated 
and subsequently dried over Na2S04, Solvent removal and purification by flash chromatography on Si02 

30 (EtOAc/hexanes) gave N-benzyl-rranj-2-nQethylcyclopropanecarboxamide: 'H NMR (400 MHz, CDCI3) 
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8 7.28 (m, 5H), 5.81 (br s, IH), 4.43 (dd, J = 5.6, 2.4 Hz, 2H), 1.37 (m, IH). 1.17 (m, IH), 1.07 (d, J = 
6.0 Hz, 3H), 1.04 (overlapping m, IH), 0.56 (m, IH). 

5 StepC: Reduction 

' A 500mL flask charged with N-benzyWrt»is-2-methylcyclopropanecarboxanude (from step B, 3.9 g, 20.6 
mmol) in THF (80mL) was added BH3-THF (1.0 M, lOSmL, 105 nunol) dropwise via an addition funnel. 
Upon conq)lete addition (10 min.) the mixture was refluxed for 5h. The mixture was allowed to cool to 
rt and quenched carefully with MeOH (15mL). The mixture was concentrated to dryness, dissolved in 

10 dichloromethane and washed with 3M KOH. The organic layer was isolated, washed with brine, then 
dried over Na2S04and concentrated to dryness. The crude material was treated with IN HCl in dioxane 
for Ih at 50 **C. The mixture was concentrated to give hydrochloride salt as a white solid. The solid was 
dissolved m sat aq. NaHCOa (80 mL) and extracted with CHCI3 (2x150 naL). The combmed organic 
layCTS were washed with brine, dried over Na2S04 and the solvent removed via rotorary evaporation to 

15 give after drying m vacuo W4)enzyl-H2-/ram-niethylcyclopropyl)methanamine as an off-white semi- 
soUd (quant): *H NMR (400 MHz, CDQa) 5 7.28 (m, 5H), 3.80 (s. 2H). 2.50 (d, J = 6.8 Hz, 2H). 2.4 
(br s, IH), 1.02 (d, J = 6.0 Hz, 3H), 0.69 (m, IH), 0.52 (m, IH), 0.23 (m, 2H). 

hitermediate VI: tert-hutyl [l-benzyl-2-({2-<:Uoro-6-[(methylsulfonyl)(pxopyl)animo]pyridin-4- 
20 yl}methoxy)-l-methylethyl]carbamate (Scheme 4A) 



Step A: Sulfonanwde installation 

Methyl 2,6-dichloroisonicotinate (10 g, 48.5 mmol), methyl(propylsulfonyl)amine (7.99 g, 58.2 mmol), 
25 potassium phosphate (14.4 g, 68 mmol), Xantphos (1.69 g, 2.9 mmol) and 

tris(dibenzylideneacetone)dipalladium (0.89 g, 0.97 mmol) were added to a dry, argon flushed flask. 
Dioxane (400 mL) was added, the solution degassed with argon and die reaction was heated to 100 for 
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16 h. The reaction was ccx)led to rt, filtered through celite and evaporated in vacuo. Hash 
chromatography (silica, 0-35% EtOAc/hexanes) gave methyl 2-chloro-6- 

[(methyIsulfonyl)(propyl)amino]isomcotinate as a yellow oil: NMR (400 MHz, CD3OD) 8 7.88 (s, 
IH). 7.72 (s, IH), 3.96 (s. 3H), 3.91 (I. J = 6.4 Hz, 2H), 3.13 (s, 3H), 1.68-1.53 (m, 2H), 0.93 (t. J = 7.5 
5 .Hz,3H). 

StepB: Reduction 

To a solution of methyl 2-<:Moro-6-[(methylsulfonyl)(propyl)aniino]isonicotmate (3.5 g, 11.5 rmnol) in 
THF (50 mL) cooled to 0 ""C was added LiBHj (17.2 mL, 34.4 mmol. 2 M in THF). After 10 min, the 
10 reaction mixture was allowed to warm to rt and stirred for 3.5 h. The reaction mixture was carefully 
quenched with EtOAc, MeOH and water. FoUowmg dilution with EtOAc, the organic layer was 
extracted, washed with brine, dried over sodium sulfate and concentrated in vacuo to provide iV-[6- 
cUoro-4-(hydroxymethyl)pyridiQ-2-yl]-iV-propylmethanesulfonan^ which was used as is ui the 
bromination step. 

15 

Step C: Bromination 

To a solution of /V^[6K:Horo-4-(hydroxymethyl)pyridin-2-yl]-/V-propylmeth^ (740 mg, 

2.65 mmol) in dichloromethane (20 mL) cooled to 0 was added carbon tetrabromide (967 mg, 2.92 
mmol) and triphenylphosphine (765 mg, 2.92 nmiol). After 10 min, the reaction mixture was allowed to 
20 warm to rt and stirred for 0.5 h. The reaction mixture was concentrated in vacuo and purified by flash 
chromatography (silica, 0-25% EtOAc/hexanes) to provide A^-t4-(bromDmethyl)-6-chloropyridin-2-yl] -iV- 
propyhnethanesulfonamide as a white solid. NMR (400 MHz. CDC^^) 5 7.34 (s, IH), 7.22 (s, IH), 
4.35 (s, 2H). 3.85 (t. J = 7.6 Hz. 2H), 3.04 (s, 3H), 1.64-1.50 (m, 2H), 0.93 (t. J = 7.2 Hz, 3H). 

25 Step D: Ether uistallation 

To a solution of tert-hutyl (l-benzyl-2-hydroxy-l-methylethyl)carbamate (250 mg, 0.94 mmol, 
intermediate IV) and A^[4-(bromomethyl)-6-cUoropyridin-2-yl]-N-propyhmthanesulfonamide (290 mg, 
0.85 mmol) in dichloromethane (20 mL) was added silver triflate (290 mg, 1.13 mmol) and 2,6- 
ditertbutylpyridine polymer bound(1.84 g, 2.83 mmol, Aldrich 37,782-1). The reaction mixture was 

30 stirred at 50 ®C in an oil bath for 16 h and then irradiated under microwave (Smith Synthesizer) at 90 **C 
for 45, 60 and 90 min intervals (3 runs, with addition of additional silver triflate and 2,6- 
ditertbutylpyridine polymer bound before 2nd and 3rd run). The reaction mixture was filtered on celite. 
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rinsed with dichlorometfaane, concentrated in vacuo and purified by flash chromatography (silica, 0-30% 
EtOAc/hexanes) to provide teit-butyl [l-benzyl-2-({2<Uoro-6-[(methylsulfonyI)(propyl)amino]pyridm^ 
4-yl}methoxy)-l-mBthylethyl]caibamate. *H NMR (400 MHz, CDCI3) 5 7.34-7.16 (m, 7H), 4.56 (s, 2H). 
4.50 (s, IH). 3.83 (t, J = 6.8 Hz, 2H), 3.66 (A of AB, d. J = 9.2 Hz, IH). 3.54 (B of AB, d, J = 9.2 Hz, 
5 IH), 3.15 (A of AB, d, J = 13.2 Hz, IH), 3.03 (s, 3H), 2.90 (B of AB. d, J = 13.2 Hz, IH), 1.64-1.50 (m. 
2H), 1.47 (s. 9H). 1.26 (s, 3H), 0.92 (t, J = 7.2 Hz, 3H). 



Litermediate VII: 4-({2-[(^ert-butoxycarbonyl)amino]-2--niethyl-3-phenylpropoxy}methyl)-6- 
[(methylsulfonyl)(propyl)amino]pyridine-2-carboxylic acid (Scheme 7) 



10 




A suspension of tert-bntyl [l-ben2yl-2-({2-chloro-6-[(methylsulfonyl)(propyl)amino]pyridin-4- 
yl}methoxy>l-methylethyl]carbamate (115 mg, 0.22 mmol, intermediate VI), sodium carbonate (70 mg, 
0.66 mmol), Pda2aPh(3<02 ( 2 mg, 0.004 mmol). 4A sieves and l-[2- 

(dicyclohexylphasphanyl)feirocenyllethyldicyclohexylphosphane (1 1 mg, 0.017 mmol, STREM) in n- 
15 butanol (2 ml, degassed with Argon), was purged with CO and stirred at 100 ''C for 16h under 1 atm of 
CO. The reaction mixture was diluted with dichloromethane, washed with water and brine, dried over 
sodium sulfate, concentrated in vacuo, azeothroped with toluene, and purified by flash chromatography 
(silica, 0-35% EtOAc/hexanes) to provide butyl 4-({2-[(rerr-butoxycarbonyl)amino]-2-methyl-3- 
phenylpropoxy}methyl)-6-[(methylsulfonyl)(propyl)aniino]pyridine-2-carboxylate as a yellow oil which 
20 was dissolved in 1:1 THF: MeOH (1.6 mL) and treated with aq LiOH (0.38 mL, 0.38 mmol, IN) for 2h 
at rt. The reaction mixture was acidified to pH 3-4 with IN HCl, extracted with dichloromethane, dried 
over sodiiun sulfate, concentrated in vacuo, azeothroped with toluene to give 4-({2-[(f^rr- 
butoxycarbonyl)aniino]-2-methyl-3-phenylpropoxy}niethyl)-6-[(methylsulfonyl)(propyl)amino]py^ 
2-carboxyUc acid as a yellow oil. ^H NMR (400 MHz, CDQs) 5 8.03 (s, IH), 7.71 (s, IH). 7.34-7.13 (m, 
25 5H), 4.67 (s. 2H), 4.49 (s. IH), 3.93 (t. J = 7.6 Hz, 2H), 3.72 (A of AB. d, J = 9.2 Hz, IH), 3.62 (B of AB, 
d. J = 9.2 Hz, IH), 3.17 (A of AB, d, J = 13.6 Hz, IH), 3.05 (s, 3H), 2.90 (B of AB. d, J = 13.6 Hz. IH), 
1.70-1.55 (m. 2H). 1.46 (s, 9H), 1.27 (s. 3H). 0.96 (t. J = 7.6 Hz, 3H). 
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Ihtennediate Vni: 3-[(Z)-2K2-methylcyclopropyl)vmyl]-5-[methyl(methylsulfonyl^ benzoic acid 
(Scheme 6) 



Me^,,^S02Me 
N 



5 




Step A: lodination 

To 3-Nitrobenzoate (35.3 g, 195 mmol) in triflic acid (100 mL) at O^C was added NTS (43.8 g, 195 
nimol) in ten portions. Remove ice bath and stir for 48 hrs. The reaction typically goes to 50% 
completion. At this time more NIS could be added or cool to 0°C and quench with careful dropwise 
10 addition of water. The mixture was extracted three times with EtOAc (250 mL) and the combined 

extracts were washed with a 10% NaHSOa solution, followed by water The organics were dried over 
Na2S04. concentrated, and purified on silica gel (10% EtOAc in Hex) affording the desked iodide. 

StepB: Nitro Reduction 

15 Tin chloride (88.6 g, 392 mmol) in EtOH (50 mL) was lefluxed and the nitrobenzoate from step A (24.1 
g, 78.4 mmol) in 1: 1 THF:EtOH (100 mL) was added dropwise. The reaction mixture was refluxed for 
30 minutes then cooled to O^C. The resulting solution was basified to pH 8-9 with aq. Na2COa. The 
aqueous layer was extracted three times with EtOAc (700 mL) and the combined extracts were washed 
with saturated NaHCOa then brine. The organics were dried over Na2S04 and concentrated to afford the 

20 desired aniline which was used without further purification. 

Step C: Mesylation 

To a 0*^C solution of aniline from step B (21.7 g, 78.3 mmol) m 3:1 CH2Cl2:pyridine (75 mL) was added 
methanesulfonyl chloride (6.36 mL, 82.2 mmol). The ice bath was removed after IS minutes and the 
25 solution was.stirred overnight at rt. The reaction mixture was extracted several times with IN HQ. 
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The organic phase was dried, concentrated, and chromatographed (1:1 EtOAciHex) to afford the desired 
sulfonamide as a white solid. 

StepD: Methylation 

5 The sulfonamide from step C (23.6 g, 66.5 mmol) m DMF (75 mL) at O^C was treated with 60% NaH 
(2.92 g, 73.1 mmol). The solution stirred for 30 minutes before Mel (4.55 mL, 73.1 mmol) was added. 
The ice bath was removed and the solution was stirred at rt for 12 h. The reaction was quenched with 
saturated NH4CI solution and extracted three times with EtOAc (150 mL). The combined organics were 
washed with water (5 x 50 mL), dried, concentrated to afford 25.3 g of the desired methylated anilide 
10 which was used without further purification. 

StepE: Oxidation 

7Van5-2-methylcyclopropanemethanol (7.0 g, 81 mmol) was added to a solution of PCC (28 g, 130 
mmol) in CH2CI2 (225 mL). The solution became black and was stirred for 3 h at rt The reaction 
15 mixture was diluted with ether (250 mL) and decanted. The liquid solution was filtered through a 4 inch 
plug of Horisil and the solvent was removed by distillation through a Vigreux column to afford the 
deshed aldehyde. 

StepF: Corey-Fuchs reaction 
20 To a solution of PPha (12.4 g, 47.5 mmol) in CH2CI2 (100 mL) at 0 C was added CBr4 (7.88 g, 23.7 

mmol). The reaction mixture was stirred for 10 minutes then treated with the carboxaldehyde fi:om step 
E (1.0 g, 12 mmol). The solution was stirred for 30 minutes at 0" C then 1 hr at rt. Hexane was added 
and the solids were filtered, and the filtrate was concentrated to afford the desired dibromide. 

25 StepG: Alkyne formation 

The dibromide from step F (15.4 g, 64.1 mmol) in 60 mL of cyclohexane at -78' C was treated with 2.0 
M n-BuLi in cyclohexane (64.1 niL, 128 namol). The resulting reaction mixture was stirred at -78 °C for 
1 hr then wanned to rt where it was stirred for 2 hr. The reaction was quenched with water and extract 
with cyclohexane (3 x 25 mL). The product was purified by distillation (bp = 69-72' C). 

30 

Step H: Coupling 
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A 100 idL 3-neck round bottom flask was charged with IhCla (0.829 g, 10.4 mmol) and dried under 
vacuum with a heat gun for 2 minutes. THF (16 mL) was added under nitrogen and the flask was 
immersed in a -78 ice bath. DIBAL-H (12.4 mL, IM in hexanes) was then added dropwise and the 
resulting solution was stirred for 30 mmutes at -78 ^C. After this time, the acetylene from step G (10.4 
5 mmol) was added followed by 1.0 M EtaB (1.6 mL, IM in hexanes). This reaction mixture was stirred at 
-78 for 2.5 hr then warmed to rt DMI (12 mL) and aryliodide from step D (1.47 g, 4.0 mmol) was 
added followed by a palladium trifurylphosphine conq)lex (prepared from Pd2(DB A)3'CHCl3 (20 mg) and 
trifurylphosphine (28 mg) in THF (6 mL)). The resulting reaction mixture was heated at 60 °C for 2 hr, 
quenched with water and extracted with ether (3 x 50 mL). The combined organic extracts were dried, 
10 and concentrated and the product was purified on a chiral OJ column (60:40 Hexane w/ 0.1 % 
TFA:EtOH). Collection of the first peak afforded the desired diastereomer. 

Step I: Ester Hydrolysis 

To 276 mg (0.853 mmol) of the ester from step H in 10 mL THF:MeOH:water (3:1: 1) was added 2 N 
IS NaOH (0.64 mL, 1 .28 mmol). The solution was stirred at rt fen: 2 h. The reaction mixture was 

concentrated and acidified with 2 N HQ (10 mL) and extracted with CHCI3 (3 x 20 mL). The conAined 
organic extracts were dried over MgS04, filtered, and concentrated to yield the desired carboxylic acid. 
LCMS(M+H) = 310.12 



20 Intermediate IX: 3-[(Z)-2-(2-methylcyclopropyl)vinyl]-S-[propyl(methylsiilfonyl)ainino] benzoic acid 
(Scheme 6) 




This conq)Ound was prepared analogously to 3-[(Z)-2-(2-methylcyclopropyl)vinyl]-5- 
[methyl(methylsulfonyl)amino] benzoic acid, the only difference bemg the substitution of methyl iodide 
25 with propyl iodide in Step D. 
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Intermediate X: W-{3-(bromomethyl>5-[(Z>2-{2-niethylcyclopropyl)vinyl]phenyl)-iV- 
propylmethanesulfonamide (Scheme 6) 




Step A: Acid Reduction 

5 

To a solution of 3-[(Z)-2-(2-methylcyclopropyl)vinyl]-5-[propyl(methylsulfonyl)ammo] benzoic acid 
(0.072g, 0.213 mmol) in 2.5 mL THF was added carbonyldiimidazole (GDI) (0.052g, 0.320 mmol) in one 
portion. After 2h at rt, NaBHj (0.024g, 0.640 mmol) was added in one portion, and the reaction was 
allowed to proceed at rt for 16h. Concentrated and partitioned residue between EtOAc and H2O. 

10 Separated, washed aqueous with EtOAc (2x), dried combined organics over Na2S04, filtered and 

concentrated, and the residue was purified by silica gel chromatography (20-75% EtOAc/hexanes) to 
afford the desired alcohol as a viscous oil. NMR (400 MHz, CDCl^) 5 7.79 (s, IH), 7.08 (s, IH), 6.99 
(s. IH), 6.25 (d, J = 1 1.2 Hz, IH), 5.15 (app t, J = 11.2 Hz, IH), 4.70 (s. 2H>, 3.61 (t, J = 7.2 Hz, 2H), 
2.89 (s, 3H), 1.54-1.43 (m, 3H), 1.06 (d, J = 6.0 Hz, 3H), 0.89-0.73 (m, 4H), 0.69-0.57 (m, 2H). LCMS 

15 [M+H]* = 324. 

Step B: Bromination 

To a solution of alcohol from Step A (0.069 g, 0.213 mmol) and CBr4 (0.113 g, 0.341 mmol) in 1.0 mL 
CH2CI2 and 1.0 mL CH3CN at 0 was added PhjP (0.090 g. 0.341 nrniol) in 0.50 mL CH2CI2 and 0.50 

20 xnL CH3CN via cannula. After 2h at 0 **C, the reaction was quenched by the addition of 0.5 mL MeOH, 
concentrated, and purified by silica gel chromatography (5->75% EtOAc/hexanes) to afford 7V-{3- 
(bromonaethyl)-5-[(Z)-2-(2-methylcyclopropyl)vinyl]phenyl}-iV-propylniethanesulfonaniide as a clear oil. 
^H NMR (400 MHz, CDCI3) 8 7.37 (s, IH), 7.31 (s. IH). 7.19 (s. IH), 6.24 (d, J = 11.5 Hz, IH), 5.15 
(dd, J = 11.3, 9.9 Hz. IH), 4.46 (s, 2H), 3.61 (t. J = 7.1 Hz, 2H), 2.87 (s, 3H), 1.54-1.46 (m. 3H), 1.11 (d, 

25 J = 5.9 Hz, 3H). 0.92-0.88 (m. 4H), 0.68-0.59 (m, 2H). LCMS [M+H]* = 386. 388 (bromine pattern). 
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Intermediate XI: 3K{2-((/err-butoxycarbonyl)ammo]-2-methyl-3-phenylpropoxy }inethyl>^ 
[(methylsulfonyl)(propyl)amino]benzoic acid (Scheme 8) 

r<S NHBoc 




Step A: Reduction 

5 To a solution of : 3-<methoxycarbonyl)-54(niethylsulfonylXpropyI)amino]beiizo acid (12.0 g, 38. 1 
mmol, prepared from dimethyl 5-aminoisophthalate and propyl iodide using a similar procedure as 
described for the preparation of intermediate A) in THF (250 mL) cooled to O^^C was added BH3-THF 
(190.3 mL, 190.3 mmol, 1 M in THF). After 10 min, the reaction mixture was allowed to warm to rt and 
stirred for 15 h. The reaction mixture was cooled back down to 0°C and carefully quenched with MeOH. 

10 The mixture was concentrated to half its original volume and diluted with EtOAc and water. Following 
dilution, the organic layer was extracted, washed with sat. aq. NaHCOa and brine, dried over sodium 
sulfate and concentrated in vacuo to provide methyl 3-(hydroxymethyl)-5-[(methylsulfonyl)(propyl) 
amino]benzoate as a yellow oil. NMR (400 MHz, CDQa) 5 8.02 (s, IH), 7.89 (s, IH), 7.60 (s, IH), 
4.79 (d, J = 5.7 Hz, 2H), 3.94 (s, 3H), 3.67 (t, J = 7.2 Hz, 2H), 2.90 (s. 3H), 1.87 (br t, J = 5.7 Hz, IH), 

15 1.55-1.45 (m, 2H), 0.92 (t, J = 7.4 Hz. 3H). 

Step B: Bromination 

To a solution of methyl 3-(hydroxymethyl)-5-[(methylsulfonyl)(propyl) amino]benzoate (2.99 g, 9.92 
mmol) m dichloromethane (90 mL) were added carbon tetrabromide (4.28 g, 12.9 mmol) and 

20 triphenylphosphine (3.12 g, 11.9 mmol). After 15 h, the reaction mixture was concentrated in vacuo and 
purified by flash chromatography (silica, 0-40% EtOAc/hexanes) to provide methyl 3-(bromomethyl)-5- 
((methylsulfonyl)(propyl)amino] benzoate as a white sohd. *H NMR (400 MHz, CDCI3) 5 8.04 (s, IH), 
7.91 (s, IH). 7.61 (s, IH), 4.50 (s, 2H). 3.94 (s. 3H), 3.67 (t, J = 7.2 Hz. 2H), 2.90 (s. 3H), 1.56-1.46 (m, 
2H), 0.92 (t, J = 7.3 Hz, 3H). 



25 



Step C: Ether installation 
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To a solution of terr-butyl (l-beiizyl-2-hydroxy-l-inethylethyl)carbamate (728 mg, 2.75 mmol) and 
methyl 3-(bromomethyl>-S-[(methylsulfonyl)(propyl)aimno] benzoate (500 mg, L37 mmol) in 
dichlorometbane (30 mL) were added silver triflate (423 mg, 1.65 mmol) and 2,6-diteTtbutylpyridine 
polymer bound (1.53 g, 2.75 mmol, loading = 1,8 mmol N / g resin, Aldrich 37,782-1). The reaction 
5 mixture was stiired at it in a sealed flask for 16 h. The reaction mixture was filtered on celite, rinsed 
with dichlorometbane and MeOH, concentrated m vacuo and purified by flash chromatography (silica, 0- 
45% EtOAc/hexanes) to provide methyl 3<{2-[(^er/-butoxycarbonyl)anuno]-2-methyl-3- 
phenylpropoxy }methyl)-5-[(methylsulfonyl)(propyl)amino]benzoate as a white foam (intermediate xx), 
NMR (400 MHz, CDOs) 5 7.99 (s, IH), 7.92 (s, IH), 7.57 (s, IH), 7.30-7.20 (m, 3H). 7.18-7.7.14 (m, 
10 2H) 4.60 (s, 2H), 4.56 (s. IH), 3.95 (s, 3H), 3.68 (t, J = 6.7 Hz. 2H), 3.57 (A of AB, d, J = 8.9 Hz, IH), 
3.47 (B of AB, d, J = 8.9 Hz, IH), 3.15 (A of AB, d, J = 13.2 Hz, IH), 2.94 (B of AB. d, J = 13.2 Hz, 
IH). 2.90 (s, 3H), 1.55-1.45 (m, 2H), 1.47 (s. 9H). 1.27 (s, 3H), 0.92 (t, J = 7.3 Hz, 3H). 

Step D: Saponification 

15 To a solution of methyl 3-({2-[(r€it-butoxycarbonyl)amino]-2-methyl-3-phenylpropoxy}methyl)-5- 
[(methylsulfonyl)(propyl)amino]benzoate (462 mg, 0.842 mmol) in THF (IS mL) was added aq. LiOH 
(4.21 noL, 4.21 mmol, IN). After stirring vigorously at rt for 20 h, the reaction mixture was acidified to 
pH 4 with HQ (4.07 mL, 4.07 mmol, IN), extracted with dichloromethane, dried over sodium sulfate and 
concentrated in vacuo to provide 3-( { 2-[(^6 rf-butoxycarbonyl)amino]-2-methyl-3- 

20 phenylpropoxy }methyl)-5-[(methylsulfonyl)(propyl)amino]benzoic acid as a white foanL ^H NMR (400 
MHz, CDCI3) 5 8.05 (s. IH), 7.96 (s. IH), 7.61 (s, IH), 7.30-7.20 (m, 3H), 7.18-7.13 (m, 2H) 4.66-4.57 
(m, 3H), 3.68 (t, J = 7.2 Hz, 2H), 3.59 (A of AB, br d, J = 8.5 Hz, IH), 3.49 (B of AB, br d, J = 8.5 Hz, 
IH), 3.15 (A of AB, d, J = 13.3 Hz. IH), 2.93 (B of AB, d, J = 13.3 Hz, IH), 2.91 (s, 3H), 1.57-1.45 (m. 
2H), 1.47 (s, 9H). 1.27 (s. 3H). 0.92 (t, J = 7.4 Hz, 3H). 

25 

hitennediate XH: iV-[3-[(2-aimno-2-methyl-3-phenylpropoxy)methyl]-5-(bromomethyl)phenyl]-iV- 
propyhnethanesulfonamide 
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Step A: Reduction 

To a solution of 3<{2-[(rerr-butoxycarbonyl)amino]-2-methyl-3-phenylpropoxy}inethy0 
[(inethylsulfonyl)(propyl)aimno]benzoic acid (intennediate XI, 145 n^, 0.271 mmol) in THF (2 mL) 
cooled to 0°C was added BH3-THF (1.356 mL, 1,356 nunol, 1 M in THF). After 10 min, the reaction 
5 mixture was allowed to warm to rt and stirred for 60 h. The reaction mixture was cooled back down to 
OX and carefully quenched with MeOH. The mixture was concentrated to half its original volume and 
diluted with EtOAc and water. Following dilution, the organic layer was extracted, washed with sat. aq. 
NaHCOa and brine, dried over sodium sulfate and concentrated in vacuo to provide A^-[3-[(2-amino-2- 
methyl-3-phenylpropoxy)methyl]-5-(hydroxymethyl)phenyl]-7V-propyImetl^ as a white 

10 foam. NMR (400 MHz, CDCI3) 5 7.33 (s, IH), 7.29 (s, IH), 7.28-7.20 (m, 4H). 7.17-7.13 (m, 2H), 
4.74 (s, 2H), 4.60^.51 (m, 3H), 3.63 (t, J = 7.2 Hz, 2H), 3.53 (A of AB, d, J = 8.8 Hz, IH), 3.43 (B of 
AB, d, J = 8.8 Hz, IH), 3.12 (A of AB, d, J = 13.2 Hz, IH). 2.93 (B of AB, d, J = 13.2 Hz, IH), 2.88 (s, 
3H), 1.55-1.45 (m. 2H), 1.46 (s, 9H), 1.25 (s. 3H), 0.91 (t, J = 7.3 Hz. 3H). 

15 Step B: Bromination 

To a solution of methyl ^-[3-[(2-ainino-2-methyl-3-phenylpropoxy)methyl]-5-(hydroxymethyl)phenyl]- 
W-propyhnethanesulfonamide (140 nog, 0.269 mmol) in dichloromethane (2.5 mL) were added carbon 
tetrabromide (1 16 mg, 0.350 mnool) and triphenylphosphine (85.0 mg, 0.323 mmol). After 15 h, the 
reaction mixture was concentrated m vacuo and purified by flash chromatography (silica, 0-35% 

20 EtOAc/hexanes) to provide N-[3-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-5- 

(bromomethyl)phenyl3-iV-propylmethanesulfonamide as a colorless oil. ^H NMR (400 MHz, CDQa) 5 
7.34 (s, IH), 7.31 (s, IH), ), 7.30-7.20 (m, 4H), 7.18-7.14 (m, 2H), 4.60-4.50 (m, 3H), 4.49 (s, 2H), 3.64 
(t, J = 7.2 Hz, 2H). 3.55 (A of AB. d, J = 8.7 Hz. IH), 3.45 (B of AB, d, J = 8.7 Hz, IH), 3.14 (A of AB, 
d, J = 13.3 Hz, IH), 2.94 (B of AB. d, J = 13.3 Hz, IH), 2.88 (s, 3H), 1.56-1.47 (m, 2H), 1.46 (s, 9H), 

25 1.27 (s, 3H), 0.91 (t, J = 7.4 Hz, 3H). 

Intermediate XHI: (R)-2 (l-methylbut-2-yn-l-yl)amine 




Step A : auxiliary installation 



-52- 



wo 2005/051914 



PCTAJS2004/038927 



10 



15 



20 



To a solution of acetaldehyde (2.8g, 64.36 mmol) and (R) (+)-2-Methyl-2-propane sulfinamide (3.9g, 
32.18 nunol) in methylene chloride (20 noL) at it was added powdered anhydrous magnesium sulfate (19 
g, 160 mmol). The resultant slurry was stirred overnight at ambient temperature. The reaction was diluted 
with methylene chloride (200 mL) and filtered and the solids washed with another 100 mL portion of 
methylene chloride. The filtrate was concentrated at reduced pressure to give the product as an oil. 
NMR (400 MHz, CDCL3) 5 8.08 (q, J=5.1 Hz, IH). 2.24 (d, J=5.1 Hz, 3H), 1.19 (s, 9H). LCMS 
[(M)+H1''=150. 

Step B: Cjrignard addition 

To a solution of the product of Step A above (400 mg, 2.72 mmol) in methylene chloride at 0** C was 
added a solution of l-propynyl magnesium bromide (6 mL of 0.5 N in THF) The reaction was warmed to 
rt and poured into water(100 mL) and extracted with ethyl acetate ( 2 x 100 mL). The combined organics 
were washed with brine (SO mL), dried over anhydrous sodium sulfate, filtered and concentrated at 
reduced pressure. The residue was chromatographed on silica gel eluting with a gradient of 50% to 75% 
Ethyl acetate / hexanes to give 2-nDiethyl-iV-<l-methylbut-2-yn-l-yl)propane-2-sulfinamide (280 mg) as a 
gummy solid. ^H NMR (400 MHz. CDCXj) 8 4.13 (m, IH). 3.33 (m, IH), 1.82 (s, 3H), 1.40 (d, J = 6.7 
Hz. 3H). 1.21. (s. 9H). LCMS [(M)+H]* = 188. 

Step C: auxiliary removal 

To a solution of 2-methyl-7V-(l-inethylbut-2-yn-l-yl)propane-2-sulfinamide (310 mg, 1.65 mmol) in 
methanol (5 mL) at rt was added a solution of HCl in dioxane (8 mL of 4N HCl in dioxane, 32 mmol) 
and the solution allowed to stand for 1 h at rt. The solvent was then evaporated at reduced pressure to 
give a quantitative yield of (R)-2 (l-methylbut-2-yn-l-yl)amine hydrochloride. ^H NMR (400 MHz, 
CD3OD) 5 4.15-4.17 (m, IH), 1.86 (d, J = 2.3 Hz, 3H), 1.49, (d, J =6.8 Hz, 3H). LCMS [(M)+H]* = 84. 

Intermediate XIV: 3-(bromomethyl)-N-[(lR)-H4-fluorophenyl)ethyl]-5- 
[propyl(inethylsulfonyl)amino]benzamide (Scheme 2) 




= O 
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Prepared from S-aminoisophthalate, methanesulfooyl chloride and n-propyl iodide following a similar 
procedure as described for the preparation of intermediate m. 

hitennediate XV: Ethyl 3-(bTomomethyl)-5-(l-cyanocyclopentyl)benzoate 



5 




Step A: Bromination 

To a solution of diethyl 5-(hydroxymethyl)benzene-l,3-dioate (3.5 g, 0.014 mol) and carbon 
tetrabromide (5.0 g, 0.015 mol) in 30 mL CH2CI2. cooled to 0**C, was added dropwise a solution of 
triphenylphosphine (3.9 g. 0.015 mol) in 20 mL CH2a2- The reaction was stirred at O'^C for 1.5 h, 
10 diluted with CHCI3, and washed with water and brine. Drying, solvent evaporation and flash 

chromatography (silica gel, 0-30% EtOAc/hexanes) gave diethyl-5-<bromomethyl)ben2ene-l,3-dioate. 

NMR (400 MHz. CDCI3) 8 8.61 (s, IH), 8.25 (app d, J = 1.6 Hz, 2H), 4.55 (s, 2H). 4.42 (q, J = 7.1 
Hz, 4H), 1.42 (t. J = 7.1 Hz, 6H). 

15 Step B: Cyanation 

To a solution of diethyl-5-(bromomethyl)ben2ene-l,3-dioate (1.9 g, 6.0 mmol) in 69 mL MeCN was 
added trimethylsilyl cyanide (1.2 mL, 9.0 mmol) and tetrabutylanomonium fluoride (IM in THF, 9.0 mL, 
9.0 mmol). The reaction was stirred for 0.5 h and concentrated. Hash chromatography (silica gel, 0- 
30% EtOAc/hexanes) gave diethyl 5-(cyanomethyl)ben2ene-l,3-dioate. ^H NMR (400 MHz, CDCI3) 5 
20 8.65 (s. IH). 8.20 (app t, J = 0.7 Hz, 2H), 4.43 (q, J = 7.1 Hz, 4H), 3.86 (s, 2H). 1.43 (t, J = 7.1 Hz, 6H). 

Step C: Alkylation 

To a solution of diethyl 5-<cyanomethyl)benzene-l,3-dioate (500 mg, 1.9 mmol) in 18.6 mL THF was 
added potassium bis(trimethylsilyl)amide (1.1 g, 5.7 mmol) and the reaction was stirred at rt for 5 nun. 
23 1,4-Dibromobutane (0.2S mL, 2. 1 mmol) was added, the mixture was stirred for 45 min and then 

quenched with IN HCl. Ethyl acetate was added, the layers separated and the organic layer was washed 
with water and brine. Drying, solvent evaporation and flash chromatography (silica gel, 0-15% 
EtOAc/hexanes) gave diethyl 5-(l-^:yanocyclopentyl)benzene-l,3-dioate. "H NMR (400 MHz, CDCI3) 5 
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8.63 (m, IH), 8.31 (m, 2H), 4.43 (q. J = 7.1 Hz, 4H), 2.56 (m, 2H), 2.14-1.99 (m, 6H), 1.43 (t, J = 7.1 Hz, 
6H). 

Step D: Ester Hydrolysis 

5 A solution of diethyl 5-(l-cyanocyclopentyl)benzene-l,3-dioate (0.33 g, 1.05 mmol) and NaOH (IN in 
H20, 0.945 mL, 0.945 mmol) in 5 mL THF and 5 mL EtOH was stiired at it overnight. The reaction 
mixture was concentrated, diluted with H2O and extracted with ether. The aqueous phase was made 
acidic with IN HCl, extracted with EtOAc and the combined organic layers were washed with brine. 
Drying and solvent evaporation gave 3-(ethoxycarbonyl)-5-(l-cyanocyclopentyl)benzoic acid. ^H NMR 
10 (400 MHz, CD3OD) 5 8.58 (m, IH), 8.35 (m. 2H), 4.43 (q. J = 7.1 Hz, 2H), 2.51 (m, 2H), 2.18 (m. 2H), 
2.05 (m, 4H), 1.42 (t. J = 7.1 Hz, 3H). 

Step £: Acid reduction and bromination 

To a solution of 3-(ethoxycarbonyl)-5-(l-cyanocyclopentyl)benzoic acid (0.4 g, 1.4 mmol) in 14 mL 
15 THF, cooled to O^C, was added borane-tetrahydrofuran con[q>lex (IM in THF, 5.6 mU 5.6 mmol) 

dropwise. The reaction was stiired at O^C for l.S h and then at rt for 3.5 h. The mixture was quenched 
with MeOH, concentrated, diluted with EtOAc and washed with water and brine. Drying and solvent 
evaporation gave ethyl 3-(l-(aminomethyl)cyclopentyI)-5-(hydroxymethyl)benzoate and ethyl 3-(l- 
cyanocyclopentyl)-5-(hydroxymethyl)benzoate. The crude mixture was dissolved in 6.6 roL CHaCla* 
20 cooled to O^C and treated with carbon tetrabromide (0.56 g, 1.7 namol). A solution of triphenylphosphine 
(0.42 g, 1.6 mmol) in 6.6 mL CH2CI2 was added and the reaction was stirred at 0°C for 1 h. 
Concentration and flash chromatography (sihca gel, 0-20% EtOAc/hexanes) gave ethyl 3- 
(bromomethyl)-5-(l-cyanocyclopentyl)benzoate. ^H NMR (400 MHz, CDCI3) 5 8.02 (t, J = 1.9 Hz, 2H), 
7.70 (t, J = 1.7 Hz, IH), 4.52 (s, 2H), 4.41 (q, J = 7.1 Hz, 2H), 2.53 (m, 2H), 2.12-1.97 (m, 6H), 1.41 (t, J 
25 =7.1Hz,3H). 

Intermediate XVI: Ethyl 3-((2-ter^-butoxycarbonylamino-2-methyl-3-phenylpropoxy)methyl)-5-(l- 
cyanocyclopentyl)benzoate 
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EtOOC 




To a solution of ethyl 3-(broinoiiiethyl)-5-{l-cyanocyclopentyl)beiizoate (0.15 g, 0.45 nunol) and 2-rg7t- 
butoxycarbonyIainino-2-methyI-3-phenylpropan-l-ol (0.21 g, 0.79 mmol in 8 mL dichloroethane was 
added 2,6-di-fer^-butylpyridine, polymer bound (0.72 g, 1.3 nunol) and silver trifluoromethanesulfonate 

5 (0.20 g, 0.79 nunol). The reaction was stirred at rt ovemight and filtered. (Concentration and flash 
chromatography (silica gel, 0-25% EtOAc/hexanes) gave ethyl 3-((2-tert-butoxycarbonylanrino-2- 
methyl-3-phenylpropoxy)methyl)-5-<l-cyanocyclopentyl)benzoate. *H NMR (400 MHz, CDCI3) 5 8.03 
(app d, J = 1.5 Hz. IH), 7.96 (s, IH). 7.67 (s, IH), 7.28-7.22 (m, 3H), 7.17 (m, 2H), 4.60 (s, 2H), 4.57 (s. 
IH), 4.40 (q, J = 7.1 Hz, 2H), 3.55 (d, J = 8.9 Hz, IH), 3.45 (d, J = 9.0 Hz, IH), 3.14 (d, J = 13.3 Hz, 

10 IH), 2.95 (d, J = 13.2 Hz, IH), 2.52 (m. 2H), 2.13-1.96 (m, 6H), 1.46 (s, 9H), 1.41 (t. J = 7.1 Hz. 3H), 
1.28 (s,3H). 

Intermediate XVII: 3-((2-terr-Butoxycarbonylatmno-2-methyl-3-phenylpropoxy)methyl)-5-(l- 
cyanocyclopentyl)benzoic acid 



A solution of ethyl 3-((2-rer/-butoxycarbonylamino-2-methyl-3-phenylpropoxy)methyl)-5-(l- 
cyanocyclopentyl)benzoate (0.13 g, 0.25 mmol) and LiOHH20 (31 mg, 0.75 mmol) in 6.5 mL THF and 
2.5 mL H2O was stirred at rt overnight. Additional LiOH'HiO (25 mg, 0.60 mmol) was added and the 
reaction was continued for 64 h. The mixture was concentrated, diluted with H2O, made acidic with 10% 
20 citric acid solution and extracted with EtOAc. The combined organic layers were washed with brine. 
Drying and solvent evaporation gave 3-((2-rert-butoxycarbonylamino-2-methyl-3- 
phenylpropoxy)methyl)-5-(l-cyanocyclopentyl)benzoic acid. NMR (500 MHz. CDCI3) 5 8.09 (app d, 
J = 1.5 Hz, IH), 8.04 (s, IH), 7.74 (s, IH). 7.28-7.20 (m, 3H), 7.17 (m, 2H), 4.62 (s, 3H), 3.58 (bs. IH). 



15 
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3.48 (d, J = 8.5 Hz. IH), 3. 15 (d, J = 12.9 Hz, IH), 2.95 (d, J = 13.2 Hz. IH), 2.54 (m, 2H), 2. 14-1.96 (m, 
6H). 1.47 (S.9H). 1.28 (s, 3H). 



Intermediate XVni: 2-Ainino-2-(difluoromethyl)-3^henylpropan-l-ol 



5 




To a solution of methyl 2-amdno-2-benzyl-3,3-difluoropropanoate (0.11 g, 0.48 mmol) (for synthesis see: 
Bey et al, /. Org. Chenu 1979, 44, 2732-2742) in 6.8 mL THF was added lithium borohydride (2M in 
THF, 1.45 mL, 2.9 mmol) dropwise. The reaction was heated at reflux temperature for 2 h, quenched 
with MeOH and acetone and concentrated. Hydrochloric acid (IM, 14.5 mL, 14.5 mmol) was added, the 
10 mixture was heated to 45*^C for 1.5 h and concentrated. The reaction was made basic with saturated 

NaHCOa and extracted with CHCI3. Drying and solvent evaporation gave 2-amino-2-{difluoromethyl)-3- 
phenylpropan-l-ol. ^H NMR (400 MHz, CDCI3) 8 7.35-7.24 (m, 5H), 5.67 (t, J = 56.5 Hz, IH), 3.56 (A 
of AB, d. J = 11.0 Hz, IH), 3.46 (B of AB, d, J = 11.0 Hz. IH), 2.89 (A of AB. d. J = 13.6 Hz. IH). 2.84 
(BofAB.d.J = 13.6. IH). 

15 

hitermediate XIX: 2-Aniino-2-(fluoromethyl)-3-phenylpropan-l-ol 




To a suspension of 2-amino-2-benzyl-3-fluotopropanoic acid (50 mg, 0.25 mmol) (for synthesis see EP 0 
040 150 Al) in 2.5 mL THF, cooled to 0**C. was added borane-tetrahydrofiiran complex (IM in THF, 

20 0.75 mL, 0.75 mmol) dropwise. The reaction was stirred at rt overnight, quenched with MeOH and 

concentrated. Hydrochloric acid (IM, 7.5 mL, 7.5 mmol) was added, the mixture was heated to 45°C for 
1 h and concentrated. The reaction was made basic with saturated NaHCOa and extracted with CHCI3. 
Drying and solvent evaporation gave 2-ammo-2-(fluoromethyI)-3-phenylpropan-l-ol. *H NMR (400 
MHz, CDQs) 5 7.35-7.21 (m, 5H). 4.30-4.11 (two q, ABX system, J = 47.4 Hz, J = 20.8 Hz, J = 9.0 Hz. 

25 2H), 3.49 (m, 2H), 2.76 (m, 2H). 
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Intermediate XX: 2-{[(2-methylcyclopropyl)methyl]amiiio}-6- . 
[metfayl(niethylsulfonyl)aiiiino]isomcotinic acid (Schemes 4 and 10) 




Step A: Sulfonamide incorporation 
5 Methyl 2,6-dichloroisonicotmate (5.0g, 24.3 mmol), methyl(methylsulfonyl)anMne (3.18g, 29.12 mmol), 

potassium phosphate (7.22g, 34.0 mmol), Xanq)hos (0.87g, 1.50 mmol) and 

tris(dibenzyIideneacetone)dipalladium (0.68g, 0.51 mmol) were added to a dry, argon flushed flask. 

Dioxane (195 mL) was added, the solution degassed with argon and the reaction was heated to 100 for 

16 h. The reaction was cooled to rt, filtered through celite and evaporated in vacuo. Rash 
10 chromatography (silica, 0-50% EtOAc/CH2a2) gave methyl 2-chloro-6- 

[methyl(methylsulfonyl)amino]isomcotinate as a yellow oil: *HNMR (400 MHz, CDd^) 5 7.88 (s, IH), 

7.68 (s. IH), 3.96 (s, 3H), 3.44 (s, 3H), 3.11 (s. 3H). 



StepB: Amination 

15 A solution of methyl 2-chloro-6-[methyl(methylsulfonyl)amino]isomcotinate (1.2g, 4.30 mmol), amine 
intermediate V (l.Og, 5.60 mmol), potassium phosphate (2.74g, 12.9 mmol), and palladixmi bis(t^i-^ 
butylphosphine) (O.llg, 0.22 mmol) in degassed toluene (IS mL) was sealed in a glass tube and heated to 
1 10 °C for 16 h. The reaction was filtered through celite, rinsed with ethyl acetate and concentrated in 
vacuo. Flash chromatography (silica, 20% EtOAc/hexanes) gave methyl 2-{benzyl[(2-rranj- 

20 methylcyclopropyl)methyl]amino}-6-[methyl(methylsulfonyl) anuno] isonicot^^ ^HNMR(4(X)MHz, 
MeOD) 5 7.28 (m, 5H). 7.01 (d. J = 0.8 Hz, IH). 6.98 (d. J = 0.8 Hz. IH), 4.83 (s. 2H), 3.87 (s, 3H). 3.62 
(dd, J = 6.0, 14.8 Hz. IH), 3.30 (dd, J = 7.2, 14.8 Hz. IH). 3.23 (s. 3B0, 2.88 (s, 3H), 0.93 (d, J = 6.0 Hz, 
3H). 0.81 (m. IH). 0.62 (m, IH). 0.39 (m. IH), 0.22 (m. IH) 



25 StepC: Hydrogenation 

A solution of 2-{benzyl[(2-methylcyclopropyl)methyI]amino}-6-[methyl(methylsulfonyl) 
amino]isonicotinate (0.93g, 2.23 mmol), 20% paUadium hydroxide on carbon (0.042g, 0.06 mmol) and 
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trifluoroacetic acid (0.13g, 1.11 mmol) in ethanol (10 noL) was placed under a hydrogen atmosphere and 
heated to 60 for 3 h. The reaction was cooled to ambient enq)erature, filtered over celite, rinsed with 
methanol and evaporated in vacuo to give noethyl 2-{[(2-mwi^-methylcyclopropyl)methyl]amino}-6- 
[methyl(methylsulfonyl}amino) isonicotinate: LC-MS [M+H] = 328.1 

5 

StepD: Saponification 

A solution of methyl 2-{[(2-frfl7w-methylcyclopropyl)methyl]aniino}-6-[methyl(inethylsuIfonyl^ 
aminoHsonicotinate (0.8g, 2.44 mmol) in methanol (5 mL) and tetrahydrofuran (5 mL) was treated with 
IN NaOH (4.9 mL, 4.9 mmol) and the reaction was heated to 50 for 1 h. The reaction was evaporated 

10 in vacuo and partitioned between IM HQ and ethyl acetate. The combined organics were dried over 
sodium sulfate, filtered and evaporated in vacuo to give 2-{[(2-methylcyclopropyl)methyl]amino}-6- 
[methyl(methylsulfonyl)ammo] isonicotinic acid as a white solid: *H NMR (4(» MHz, CD3OD) 5 6.89 
(s. IH). 6.83 (s, IH), 3.30 (s. 3H), 3.17 (d, J = 6.8 Hz. 2H), 3.15 (s. 3H), 1.03 (d, J = 6.0 Hz, 3H), 0.81 
(m. IH), 0.64 (m, IH). 0.39 (m, IH), 0.22 (m, 2H); HRMS (ES, M+H) calcd. for Ci3H,9N304S: 

15 314.1169, found: 314.1171. 



Intermediate XXI : 2-[(Isopropylsulfonyl)(methyl)aniino]-6-{[(2- 
.methylcyclopropyl)methyl]amino}isonicotinic acid (Schemes 4 and 10). 




Prepared in manner similar to Intermediate XX using methyl(isopropylsulfonyl)amine: H NMR (400 
MHz, CDaOD) 5 6.90 (d, J = 1.2 Hz. IH). 6.82 (d. J = 1.2 Hz. IH). 4.05 (sept, J = 6.8 Hz. IH), 3.38 (s, 
3H), 3.17 (AB of ABX2. Jax. Jbx = 6.8 Hz, Jab = 13.6, 2H). 1.34 (d, J = 6.8 Hz, 6H), 1.04 (d, J = 6.0 Hz. 
3H). 0.83 (m, IH), 0.65 (m, IH), 0.39 (m. IH), 0.23 (m, IH); LC-MS [M+H] = 342.1. 

25 

Intermediate XXII ; tert-hutyl (2-amino-l-benzyl-l-mediylethyl)carbamate (Scheme 10). 
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Step A: Boc protection 

In a flask a-methyl-dl-phenylalanine methyl ester hydrochloride (5.1g, 22 mmol) in THF (75 mL) at rt 
5 was added TEA (2.9 mL, 22 mmol). The contents were filtered (remove TEA-HCl) and the filtrate 
treated with r-butoxycarbonyl anhydride (4.8 g, 22 mmol). The mixture was placed in 50* oil bath and 
stirred overnight. The crude mixture was poured onto EtOAc and washed with aq. NH4CI foUowed by 
water and brine. After drying over Na2S04 and solvent removal, 6.6 g methyl methyl N-(tert- 
butoxycarbonyl)-a-methylphenylalaiiinate was obtained as a white solid (quant): *H NMR (400 MHz, 
10 CD3OD) 5 7.34 (m, 3H), 7.05 (m. 2H). 5.12 (hr s. IH), 3.74 (s, 3H). 3.34 (broad AB. J = 9.6 Hz. IH), 
3.18 (AB, J = 13.6 Hz, IH). 1.55 (s, 3H). 1.45 (s, 9H); LC-MS [M-.99, loss of Boc] = 194.3. 

StepB: Reduction 

In a flask containing methyl NK^^'t-butoxycarbonyO-a-methylphenylalaninate (6.5 g, 22. 1 mmol) in 
15 methylene chloride 80 mL at -78 "^C was added dropwise di-wo-butyl aluminum hydride ( IM toluene 
solution, 22 mL, 22 namol) over 20 min. The reaction was maintained at or below -70 °C for 2h, then 
warmed to rt for Ih, re-cooled to 0 °C and quenched with 100 mL IN HCl. The product was extracted 
repeatedly with methylene chloride, the organic layers combined, washed with brine, and dried over 
Na2S04. Upon solvent removal under reduced pressure 5.8 g of methyl f^rt-butyl (l-benzyl-2-hydroxy-l- 
20 methylethyl)carbamate was obtained (99%): LC-MS [M-99, loss of Boc] = 166.3. 

StepC: Oxidation 

In a flask containing above intermediate from step B methyl tertAmtyl (l-benzyl-2-hydroxy-l- 
methylethyl)carbamate (3.6 g, 13.5 mmol) in DCM (50mL) and DMSO (13mL) at 0 °C was added SO3- 
25 pyridine (5.4 g, 13.6 nunol). The mixture was warmed to rt and stirred for 5h. Dilute with EtOAc, 
wash organic layer successively with H2O (lOOmL), 10% aq. KHS04, aq. NaHCOa, 3M aq. LiCl 
followed by brine. Upon drying over Na2S04 and solvent removal 3g of crude was obtained. 
Purification via flash chromatography on silica gel (25% EtOAc/hexanes) afforded L7 g final tert-hutyl 
(l-benzyl-l-metiiyl-2-oxoethyl)carbamate (48%); LC-MS [M-99, loss of Boc] = 164.2. 
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StepD: Reductive Alkylation 

In a 100 mL flask intermBdiate from step C tert-butyl (l-benzyl-l-inethyl-2-oxoethyl)carbainate (1.7 g, 
6.5 mmol), and benzyl amine (0.7 g, 6.5 mmol) were dissolved in DCE (25 mL). NaHB(OAc)3 (2.1 g, 

5 9.7 mmol) was added as a solid in portions. The reaction was allowed to stir at rt for 48h, diluted with 
aq. NaHCOj, concentrated to 1/2 volume and extracted with EtOAc (2 x 20 niL). The combined organic 
layers were washed with brine, dried over Na2S04 and concentrated to dryness to give 2.4 g crude 
product, sex ion exchange chromatography was performed to give 610 mg clear oil identified as 
desired product, reit-butyl [l-benzyl-2-(benzylamino)-l-methylethyl]carbamate (27%): LC-MS [M+H] = 

10 355.2. 

StepE: Benzyl removal 

To an argon purged EtOH solution containing terf-butyl [l-benzyl-2-(benzylamino)-l- 
methylethyl]carbamate (600 mg, 1.7 mmol), intennediate from step D above, was added 20% Pd(0H)2 

15 (12 mg, 0.1 mmol). H2 (g) was bubbled through the mixt. using a needle attached to a balloon fro 15min. 
The mixture was maintained under an H2 atmosphere, placed in a 60 **C oil bath and stirred for 16h. The 
mixture was cooled to rt and additional catalyst and TFA (193 mg, L7 mmol) added. After heating 
further for 48h the reaction was filtered over Celite, concentrated to dryness and purified by RP-HPLC to 
give desired intermediate tert-butyl (2-amino-l-benzyl-l-methylethyl)carbamate: NMR (400 MHz, 

20 CD3OD) 6 7.34 (m, 3H), 7.18 (m, 2H), 3.63 (d, J = 12.8 Hz, IH), 3.31 (overlapping d wifli CHD2OH), 
IH), 2.99 (d, J = 12.8 Hz, IH). 2.66 (d. J = 13.2 Hz, IH). 1.50 (s, 9H), 1.11 (s, 3H); LC-MS [M+H] = 
265.3. 

25 EXAMPLE 1 

3-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-N-[(lR)-H4-fluorophCT^^ 
[methyl(methylsulf onyl)amino]benzamide (Scheme 2) 
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To a solution of 2-amino-2-methyl-3-phenylpropan-l-ol I (28 mg, 0. 17 mmol) in 0.5 mL DMF cooled to 
0 was added sodium hexamethyldisylazide (0.17 mL, 0.17 mmol, 1 M in THF). The reaction mixture 
was stined at 0 °C for 5 min and intermediate III 3-(bromomethyl)-N-[(lR)-l-(4-fluorophenyl)ethyI]-5- 

5 [methyl (methylsulfonyl)amino] benzamide (25 mg, 0.06 mmol) in 0.5 mL DMF was added dropwise. 
The reaction mixture was stirred at 0 for 0.5 h and purified by preparative HPLC (5% -> 95% CH3CN 
in water containing 0.1 % TFA, C18 PRO YMC 20x150 mm) to afford 3-[(2-amino-2-methyl-3- 
phenylpropoxy)methyl]-N4(lR>H4-fluorophenyl)ethyl]-5-[methyl(methylsulfonyl)anm 

NMR (400 MHz, d4-MeOH) 5 8.87 (d, J = 8 Hz, IH), 7.86-7.80 (m, 2H), 7.66 (s, IH). 7.45-7.40 (m. 

10 2H), 7.36-7.24 (m, 3H), 7.22-7.16 (m, 2H), 7.10-7.02'(m. 2H). 5.30-5.20 (m. IH), 4.73-4.64 (m, 2H), 
3.44 (A of AB. d, J = 10 Hz, IH), 3.39 (B of AB. d, J = 10 Hz. IH). 3.35 (s, 3H), 3.09 (A of AB, d, J = 
13.2 Hz, IH), 2.94 (s. 3H), 2.87 (B of AB. d. J = 13.2 Hz, IH), 1.59 (d, J = 7.2 Hz, 3H). 1.25 (s. 3H). 

EXAMPLE2 

15 3-{[(2-amino-2-benzylpent-4^n-l-yl)oxy]methyl}-Ar-[(l/?)-H^ 
sulfonyl)amino]b^zamide (Scheme 2) 

v..,,S02M8 




To a solution of 2-amino-2-benzylpent-4-en-l-ol hydrochloride (0.031 mg, 0.135 mmol) (for syntiiesis of 
amino alcohol, see: Kaptein et al. Tetrahedron Lett. 1994, 55, 1777-1780 and references cited therein) in 
20 0.50 mL DMF cooled to 0 was added sodium hexamethyldisylazide (0.271 mL, 0.271 mmol, 1 M in 
THF). The reaction mixture was stirred at 0 for 15 min and intermediate A 3-(bromomethyl)-N-[(lR)- 
l-(4-fluorophenyl)etiiyl]-5-[methyl(methylsulfonyl)amino]benzamide (0.040 g. 0.090 mmol) in 0.50 mL 
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DMF was added dropwise. The reaction mixture was stirred at 0 °C for 2 h, quenched with methanol, 
concentrated in vacuo, redissolved in 0.55 mL DMF and purified by preparative HPLC (5 -> 95% 
CH3CN/H20, 0.1% added TFA. C18 PRO YMC 20x150 mm) to afford 3-{[(2-amin<>-2-benzylpent-4-en- 
l-yl)oxy]n»thyI}TiV -[(lR>l-(4-fluorophenyl)ethyl]-5-[inethyl(methyl sulfonyl)amino]benzamide as its 
5 trifluroacetate salt 'H NMR (400 MHz, 64-MeOH) 5 8.87 (d, J = 7.5 Hz, IH), 7.82 (s, IH), 7.80 (s, IH), 
7.63 (s, IH), 7.41 (m, 2H), 7.32-7.26 (m, 3H), 7.19 (m, 2H), 7.03 (m, 2H). 5.85 (m. IH), 5.30-5.20 (m, 
3H), 6.27 (d, J = 12.5 Hz, IH). 4.63 (d, J = 12.5 Hz, IH), 3.49 (d, J = 10.1 Hz, IH) 3.43 (d, J = 10.1 Hz, 
IH), 3.34 (s, 3H), 3.06 (d. J = 13.7 Hz, IH), 2.93 (d, J = 13.7 Hz. IH). 2.91 (s, 3H), 2.42 (dd, J = 7.5, 6.8 
Hz, IH), 2.34 (dd, J = 7.5, 7.2 Hz. IH), 1.56 (d, J = 7.0 Hz). LCMS M+H = 554. 

10 

EXAMPLE 3 

3-{[(2-amino-2-benzyIpentyl)oxy]inethyl}-//-[(li?)-H4-fluorophenyl)ethyl]-5-Imethyl(methyl 
sulfonyl)amino]benzamide (Scheme 2) 




15 To a solution of 3-{ [(2-amino-2-benzylpent-4-en-l-yl)oxy]n)ethyl}-JV -((lR)-l-(4-fluoroptenyl)efliyl]-5- 
[methyKmethyl sulfonyl)amino]benzamide (0.004 g, 0.006 mmol) in 1 mL EtOH was added a spatula tip 
of Pd/C The reaction vessel was then evacuated and opened to a balloon of H2 (3x), and stirred under an 
atmosphoe of Hj for 2 h. The reacticm vessel was then evacuated and opened to N2 (3x) and filtered 
d]rough a pad of celite, rinsing with EtOAc. After the volatiles were removed in vacuo, the remaining 

20 residue was redissolved in 0.55 mL DMF and purified by preparative HPLC (5 -> 95% CH3CN/H2O, 
0.1% added TFA. CIS PRO YMC 20x50 mm) to afford 3-{ [(2-ammo-2-benzylpentyl)oxy]methyl}-/»/ - 
[(li?)-l-<4-fluorophenyl)ethyl]-5-[methyl(methyI sulfonyl)amino]benzamide as its trifluroacetate salt. 'H 
NMR (400 MHz, d4-MeOH) 8 8.86 (d, J = 7.3 Hz, IH), 7.82 (s, IH), 7.80 , IH), 7.63 (s, IH), 7.42-7.39 
(m, 2H), 7.33-7.28 (m, 3H), 7.16 (m, 2H), 7.03 (m, 2H), 5.23 (m, IH), 4.65 (s, 2H), 3.50 (d, J = 10.0 Hz, 

25 IH), 3.42 (d, J = 10.0 Hz, IH), 3.34 (s, 3H), 3.03 (d, J = 13.7 Hz, IH), 2.93 (d, J = 13.7 Hz, IH), 2.91 (s, 
3H), 1.56 (d, J = 7.1 Hz), 1.50-1.33 (m. 4H). 0.94 (m. 3H). LCMS M+H = 556. 
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EXAMPLE4 

3-{[(2-ammo-2-beiizymexyl)oxy]methyll-/V-[(l/?>H4-flu^^ 
suIfonyl)anuDo]benzaimde (Scheme 2) 




5 To a solution of 2-axnmO'2-beiizylhexaiie-l-ol mteimediate n (0. 100 mg, 0.48 mmol) in 1. 1 mL DMF 
cooled to 0 ""C was added sodium hexamethyldisylazide (0.48 mL, 0.48 mmol, 1 M in THF). The 
reaction mixture was stirred at 0 °C for 5 min and intermediate A 3-(hromomethyl)-N-[(lR)-l-(4- 
fluorophenyl)ethyl]-5-[mediyl(inethylsulfonyl)amino] benzamide (0.040 g, 0.090 mmol) in 1.8 mL DMF 
was added dropwise. The reaction mixture was stirred at 0 ®C for 1.5 h, and quenched by adding water. 

10 The aqueous layer was washed with EtOAc (3x), and the combmed organics were washed with brine, 
dried over Na2S04, filtered and concentrated. Purification by silica gel chromatography (20g silica, 0 - 
>8% 0.1% NH40Hin f-PrOH/hexanes) afforded 3-{[(2-amino-2-benzylhexyl)oxy]methyl}-iV-[(l/?)-l-(4- 
fluorophenyl)ethyl]-5-[methyl(methyl sulfonyl)amino]benzamide. *H NMR (400 MHz, CDClz) 5 7.73 (s, - 
IH), 7.69 (s. IH), 7.53 (s, IH), 7.37-7.34 (m, 2H). 7.29-7.20 (m, 3H), 7.17-7.15 (m. 2H). 7.04 (m, 2H), 

15 6.56 (br s, IH), 5.30 (m, IH). 4.56 (s, 2H), 3.34 (s, 3H), 3.20 (m, 2H), 1.59 (d, J = 6.9 Hz, 3H), L60-1.39 
(hr m. 6H), 0.90 (t, J = 7.0 Hz, 3H). 



EXAMPLES 

iV-(4-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-6-{benzyl[(2- 
20 methylcyclopropyl)mfithyl]amino }pyridin-2-yl)-iV-propylmethanesulfonamide (Scheme 4A) 
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A suspension of rert-butyl [l-benzyl-2<{2<Woro-6-[(me%lsulfonyl)(propyl)animo]pyrid^ 
yl}methoxy)-l-methylethyl]carbainate (51 mg, 0.097 mmol, intermediate VI), A^benzyl-l-(2-/ra«j- 
methylcyclopropyl)methananaine (25 mg, 0.145 mmol, intennediate V), potassimn phosphate (62 m, 0.29 
mmol) and paUadium bis(tri-r-butylphosphine) (5 mg, 0.01 mmol) in degassed toluene (0.32 mL) was 

5 sealed in a glass tube and heated to 100 for 16 h. The reaction was filtered through celite, rinsed with 
ethyl acetate and concentrated in vacuo. Flash chromatography (silica, 10-40% EtOAc/hexanes) gave 
rerr-butyl[l-berizyl-2-({2-{benzyl[(2-methylcyclopropyl)methyl]amino}-6- 
((methylsiilfonyl)(propyl)amino]pyridin-4-yl}methoxy)-l-methylethyl]carbamate. Boo removal in 
HCl(g) saturated EtOAc provided iV-(4-((2-amino-2-methyl-3-phenylpropoxy)methyl]-6-{benzyl[(2- 

10 methylcyclopropyl)methyl]amino}pyridin-2-yl)-iV-propylmethanesulfonamide as the hydrochloride. 

NMR (400 MHz, CD3OD and CDCI3) 6 7.36-7.15 (m, lOH), 6.74 (s. IH), 6.64 (br s, IH), 4.92-4.79 (m. 
2H), 4.61^.52 (m, 2H), 3.72-3.60 (m, 3H), 3.46-3.35 (m. 3H). 3.08 (A of AB, d, J = 13.2 Hz, IH), 2.91 
(s, 3H), 2.87 (B of AB. d, J = 13.2 Hz, IH). 1.58-1.44 (m. 2H), 1.26 (s. 3H), 0.97 (d, J = 6.0 Hz. 3H). 
0.88 (t, J = 7.6 Hz, 3H). 0.89-0.79 (m. IH), 0.694).61 (m. IH), 0.45-0.38 (m. IH), 0.31-0.25 (m, IH). 

15 HRMS (ES, M+H) calcd. for C32H44N4Q3S: 565.3207, found: 565.3208. 



iV-(4-[(2-aniino-2-methyI-3-phenylpropoxy)methyl]-6-{[(2-methyfc^^ 
yl>iV-propylmethanesulfonamide (Scheme 4A) 



20 W-<4-[(2-ammo-2-methyl-3-phenylpropoxy)methyl]-6-{[(2-methylcyclopropyl)methyl]am^ 
yl)-iV-propylmethanesulfonamide was prepared from intermediate VI and [(2- 

methylcyclopropyl)methyl] amine (prepared fromiV-benzyl-l-(2-rra;w-methylcyclopropyl)methenamine 
by hydrogenation on Pd(0H)2, in EtOH, in the presence of TFA), followmg a similar procedure as 
described for the preparation of iVK4-[(2-ammo-2-methyl-3-phenylpropoxy)methyl]-6-{benzyl[(2- 
25 methylcyclopropyl)methyl]amino}pyridin-2-yl)-7V-propylmethanesulfonamide. HRMS (ES, M+H) calcd. 
for C25H38N4O3S: 475.2737, found: 475.2719. 



EXAMPLE6 
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EXAMPLE? 

jV-(4-[(2-ammo-2-inethyl-3-phenylpropoxy)methyI]-6-{n^ 

methylcycIopropyl)methyl]a]mno}pyridin-2-yl)-^^-^^ (Scheme 4A) 




5 iV-(4-[(2-amino-2-methyl-3-phenylpropoxy)inethyl]-6^ 

methylcyclopropyl)iiiBthyl]aiiiino}pyridm-2-yI)-W-propyl^ was prepared from 

intermediate VI and iV-methyl-l-(2-methylcyclopropyl)methanainine (prepared from intermediate V) by 
methylation with ft)nnaldehyde in dichloroethane/methanol, in the presence of NaBH(0Ac)3, followed 
by hydrogenation on Pd(0H)2, in EtOH, m the presence of TFA), following a similar procedure as 

10 described for the preparation of iV-(4-[(2-amuio-2--methyl-3-phenylpropoxy)methyl]-6-{benzyl[(2- 

methylcyclopropyl)methyl]aimno}pyridin-2-yl)-N-propyhnethanesidfonamide. HRMS (ES, M+H) calcd. 
for C26H40N4O3S: 489.2893, found: 489.2891. 

EXAMPLES 



15 




4-[(2-aniino-2-methyl-3-phenylpropoxy)methyl]-A^[H4-fluorophenyl) 
[(methylsulfonyl)(propyl)anjino]pyridine->2-carboxanude (Scheme 7) 

To a solution of 4-({2-[(r5r?-butoxycarbonyI)amino]-2-methyl-3-phenylpropoxy}methyl)-6- 
20 [(methylsulfonyl)(propyl)amino]pyridine-2-carboxylic acid (10 mg, 0.019 mmol, intermediate VII) in 
DMF (0.5 mL) was added diisopropylethyl amine (0.05 mL. 0.028 mmol), [l-(4- 
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fluorophenyl)ethyl]amme (0.008 mL, 0.056 mmol) and BOP reagent (10 mg, 0.022 mmol), and the 
reaction mixture was allowed to stand at rt for 40 min, purified by preparative HPLC (5 -> 95% 
CH3CN/H20. 0.1% added TFA. C18 PRO YMC 20x150 mm) to afford t^ft-butyl (l-benzyl-2-({2-({[l- 
(4-fluorophenyI)ethyl]ammo}carbonyl)-6-[(methylsulfonyl)(propyl)anm 
5 methylethyllcarbamate. Boc removal in HCl(g) saturated EtOAc and lyophilization from dioxane/water 
provided 4-[(2-amino-2-methyl-3-phenyIpropoxy)methyl]-iV-[H^^ 

[(methylsulfonyl)(propyl)amino]pyridine-2-carboxanude as an hydrochloride white soUd. NMR (400 
MHz, CD^OD) 8 8.61 (d. J = 8.0 Hz, IH), 7.97 (s, IH), 7.65 (s, IH), 7.46-7.41 (m, 2HX 7.38-7.25 (m, 
3H), 7.24-7.19 (m, 2H), 7.11-7.03 (m, 2H), 5.30-5.20 (m. IH), 4.75 (s, 2H), 4.03-3.94 (m, 2H), 3.51 (A 
10 of AB, d, J = 10.4 Hz, IH), 3.46 (B of AB, d, J = 10.4 Hz, IH), 3.11 (A of AB, d, J = 13.6 Hz, IH). 3.10 
(s, 3H), 2.92 (B of AB, d, J = 13.6 Hz, IH), 1.64-1.54 (m, 2H), 1.62 (d, J = 7.2 Hz, 3H), 1.29 (s, 3H), 
0.92 (t, J = 7.6 Hz, 3H). HRMS (ES, M+H) calcd. for C29H37FN4O4S: 557.2593, found: 557.2613. 

EXAMPLE9 

15 iV-{4-[(2-amino-2-nxethyl-3-phenylpropoxy)rDethyl]-6-[(2-phenylpyTO 
N-propylmethanesulfonamide (Scheme 7) 



Ar-{4-[(2-ammo-2-methyl-3-phenylpropoxy)inethyl]-6-[(2-phenylpyrroUdin-l-^ 
JV-propyhnethanesulfonamide was prepared from4-({2-[(^e/t-butoxycarbonyl)amino]-2-methyl-3- 
20 phenylpropoxy }methyl)-6-[(niethylsulfonyl)(propyl)amino]pyridine-2-carlx)xyU^ acid (intermediate VII) 
and 2-phenylpyrrolidine following a similar procedure as described for the preparation of 4-[(2-amino-2- 
methyl-3-phenylpropoxy)methyl]-N-[H4-fluorophenyl)ethyl]-6- 

[(methylsulfonyl)(propyl)amino]pyridine-2-carboxamide. HRMS (ES, M+H) calcd. for C31H40N4O4S: 
565.2843. found: 565.2859. 




25 



EXAMPLE 10 
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N-{ 3-( { [(2/?>2-ammo-2-methyl-3-phenylpropyl]oxy }inethyl>5-[(^^ 
inethylcyclopropyl)vinyl]phenyl}-iV-propylnffithanesul^^ (Scheme 6) 

.S02Me 




NH2 




To a solution of (2R)-2-aimno-2-methyl-3-phenylpropan-l-ol (0.055g, 0.334 mmol) in 1 mL DMF at O'C 
5 was added IM NaHMDS (0.330 mL, 0.330 mmol). After 10 minutes, iV-{3-(bromomethyl>5-[(Z>-2-(2- 
methylcyclopropyl)vinyl]phenyl}-iV-propylmethanesulfonamide (0.043 g, 0.111 mmol) in 1 mL DMF 
was added dropwise via cannula. After 1.5h at 0 °C, the reaction was quenched by the addition of 0.5 mL 
MeOH, and concentrated. The residue was redissolved in 0.80 mL DMF, purified by preparative HPLC 
(5 -> 95% CH3CN/H20, 0, 1% added TFA, C18 PRO YMC 20x150 mm), and the fractions containing the 
10 desired product were freeze dried to obtain //-{3-({((2/^)-2-amino-2-methyl-3- 
phenylpropyl]oxy}methyl)-5-[(2>-2K2-methyIcyclopropyl)vinyl]phenyl}-N-pro 
as its trifluoroacetate salt *H NMR (400 MHz, d^MeOH) 5 7.44 (s, IH), 7.40 (s, IH), 7.29-7.26 (m, 4H). 
7.15-7.12 (nu 2H), 6.33 (d. J = 113 Hz, IH), 5.19 (dd, J = 11.3. 10.1 Hz, IH), 4.67-4.58 (m. 2H), 3.66 (t, 
J = 6.8 Hz. 2H). 3.42 (d. J = 9.9 Hz. IH), 3.35 (9.9 Hz. IH). 3.07 (d, J = 13.4 Hz, IH). 2.89 (s. 3H), 2.84 
15 (d, J = 13.4 Hz, IH). 1.53-1.39 (m, 3H). 1.22 (s, 3H), 1.07 (d. J = 5.9 Hz, 3H), 0.92-0.86 (m, 4H), 0.66 
(m. IH), 0.59 (m, IH). LCMS [M+H]* = 471. 

EXAMPLE 11 

3-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-iV-(l,l-dimethylprop-2-yn-l-yl)-5- 
20 [(methylsulfonyl)(propyl)amino]benzamide 
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•SOaMe 



3-({2-[(/ert-butoxycarbonyl)ainino]-2-methyl-3-phenylpropoxy}methyl)-5- 

[(methylsulfonyl)(propyl)aiiiino]beiizoic acid (intermediate XI, 15.0 mg, 0.028 mmol) was taken up in 
Ha(g) saturated EtOAc (1 mL). After 30 rain, it was concentrated under a flow of nitrogen to give 3- 
5 [(2-aimno-2-methyl-3-phenylpropoxy)methyl]-5-[(methylsulfonyl)(propyl)anu acid as a white 

solid which was then taken up in DMF (800 fiL) with BOP reagent (15.0 mg, 0.033 mmol), 
ethyl(diisopropyl)amine (12.0 iiL, 0.069 mmol). and (l,l-diDaethylprop-2-yn-l-yl)amine (23.0 mg, 0.276 
mmol). After sitting at RT for 5 hr, the reaction was purified by preparative HPLC (5 -> 95% 
CHsQi/HzO, 0.1% added TFA, C18 PRO YMC 20x150 nmi) to afford 3-[(2-amino-2-methyl-3- 



10 phenyIpropoxy)methyl]-iV<l,Mimethylprop-2-yn4-yl)-5-[(methylsulfonyl)(p 

a white soUd. NMR (400 MHz, CDCI3) 5 7.81 (br s, 3H), 7.77 (s, IH), 7.69 (s, IH), 7.47 (s, IH), 
7.35-7.27 (m, 3H). 7.22-7.16 (m. 2H), 6.89 (s, IH), 4.61 (A of AB, d, J = 11.7 Hz, IH), 4.54 (B of AB, d, 
J = 11.7 Hz. IH), 3.64 (t, J = 7.1 Hz, 2H), 3.51 (A of AB, d, J = 9.8 Hz. IH), 3.45 (B of AB. d, J = 9.8 
Hz, IH), 3.17 (A of AB, d, J = 13.2 Hz, IH), 3.00 (B of AB, d, J = 13.2 Hz. IH). 2.86 (s. 3H). 1.75 (s, 

15 6H). 1.54-1.44 (m. 2H). 1.32 (s, 3H), 1.27 (s. 3H). 0.89 (t. J = 7.3 Hz. 3H). 



3-[(2-an3mo-2-mfithyl-3-phenylpropoxy)methyl]-5-[(methylsulfonyl)(p^ 
phenylethyl)benzaimde 



EKAMPLE12 



20 




To a solution of 3"({2-[(re/t-butoxycarbonyl)amino]-2-methyl-3-phenylpropoxy}methyl)-5- 
[(methylsulfonyl)(propyl)amino]benzoic acid (interaiediate XI, 10.0 mg, 0.019 mmol) and (2,2,2- 
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trifluoro-l-phenylethyl)ainine (7.6 mg, 0.056 mmol) in DMF (500 ^L) were added BOP reagent (10.0 
mg, 0.022 mmol), ethyl(diisopropyl)amme (5.0 /iL, 0.028 mmol). After sitting at rt for 4 hr, the reaction . 
was purified by preparative HPLC (5 -> 95% CHsO^/HzO. 0.1% added TFA, C18 PRO YMC 20x150 
mm) to afford tert-butyl { l-benzyl-l-methyl-2-[(3-[(inethylsulfonyl)(propyl)arnino]-5-{[(2A^ 



EtOAc (1 mL). After 15 hr, it was purified by preparative HPLC (5 -> 95% CH3CN/H20, 0.1% added 
TFA, CIS PRO YMC 20x150 mm) to provide 3-[{2-amino-2-methyl-3-phenylpropoxy)methyl]-5- 



(400 MHz, CD3OD) 5 7.90 (s,lH), 7.84 (s, IH), 7.65 (s, IH), 7.61-7.55 (m, 2H), 7.46-7.40 (m, 3H), 7.34- 
10 7.24 (m, 3H), 7.20-7.15 (m, 2H), 6.04-5.96 (m, IH), 4.72 (A of AB. d, J = 13.8 Hz, IH), 4.68 (B of AB, 
d, J = 13.8 Hz, IH), 3.71 (t, J = 7.1 Hz, 2H). 3.45 (A of AB, d. J = 10.0 Hz, IH), 3.40 (B of AB, d. J = 
10.0 Hz, IH), 3.08 (A of AB, d, J = 13.4 Hz, IH), 2.96 (s, 3H), 2.87 (B of AB. d, J = 13.4 Hz, IH), 1.51- 
1.41 (m, 2H), 1.25 (s, 3H). 0.90 (t, J = 7.4 Hz, 3H). 

15 EXAMPLE 13 

A^{3-[(2-an3ino-2-methyl-3-phenylpropoxy)methyl]-5-[(2-phenylpyrroHd 



iV-{3-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-5-[(2-phenylpyrrolidin-l-yl)carbon 
20 propy Imethanesuif onamide was prepared from 3-( { 2-[(fe/t-butoxycarbonyl)amino]-2-methyl-3- 
phenylpropoxy }methyl)-5-[(methylsulfonyl)(propyl)aimno]benzoic acid (intermediate XI) and 2- 
phenylpyrrolidine following a similar procedure as described for the preparation of 3-[(2-amino-2- 
methyl-3-phenylpropoxy)methyl]-5-[(methylsulfonyl)(propyl)amino]-W^<2,2.2-triflu 
phenylethyObenzamide with additional purification by ion exchange chromatography (Varian Bond Elut 
25 sex, eluting with MeOH followed by 2.0M NH3 in MeOH). HRMS (ES, M+H) calculated for 
C32anN304S: 564.2891, found: 564.2891. 




[(methyIsulfonyl)(propyl)amino]-iV-(2,2,2-trifluoro-l-phenylethyl)benzamide as a white solid. H NMR 



propylmetbanesulfonamide 
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EXAMPLE 14 
JV-{3-[(2-4iimno-2-methyl-3-^henylpropoxy)inet^^^ 
propylmethanesulfonamide 




5 iV-{3-[(2-amino-2-methyl-3-phenylpropoxy)methyll-5-[(2-propyIpyirolidin-l^ 

propylmethanesulfonamide was prepared from 3-({2-[(rerf-butoxycarbonyl)amino]-2-methyI-3- 
phenylpropoxy}methyl)-5-[(methylsulfonyl)(propyl)amino]benzoic acid (intennediate XI) and 2- 
propylpyrrolidine following a sunilar procedure as described for the preparation of N-{3-[(2-anaino-2- 
methyl-3-phenylpropoxy)methyI]-5-[(2-phenylpyrroUdin-l-yl)carbonyB^ 

10 propyhnethanesulfonamide. HRMS (ES, M+H) calculated for C29H43N3O4S: 530.3047, found: 530.3045. 



EXAMPLE 15 

3-[(2-amino-2-methyl-3-phenylpropoxy)niethyl]-5-[(Daethylsulfo 
dipropylbenzamide 



15 




3-[(2-amino-2-methyl-3-phenylpropoxy)nDethyl]-5-[(methylsulfonyl)(propyO 
dipropylbenzamide was prepared from 3-({2-[(rerr-butoxycarbonyl)anmio]-2-methyl-3- 
phenylpropoxy}methyl)-5-[(methylsulfonyl)(propyl)amino]benzoic acid (intennediate XT) and 
dipropylamine following a similar procedure as described for the preparation of iV-{3-[(2-amino-2- 
20 naethyl-3-phenylpropoxy)methyl]-5-[(2-phenylpyrrolidin-l-yl)carbonyl]phenyl}-W- 

propyhnethanesulfonamide. HRMS (ES, M+H) calculated for C28H43N3O4S: 518.3047, found: 518.3051. 
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EXAMPLE 16 
3-[(2-ammo-2-ine%l"3-phenylpropoxy)inethyl]-iV<l-i^ 
[(methylsulfonyl)(propyl)ammolbenzanude 




5 3-[(2-ammo-2-methyl-3-phenylpropoxy)methyl]-A^Kl-nae% 

[(methylsiiIfonyl)(propyl)aniino]benzamide was prepared from 3-({2-[(re7t-butoxycarbonyl)ainino]-2- 
raethyl-3-phenylpropoxy}methyl)-5-[(methylsulfonyl)(propyl)aimno] acid (intermediate XI) and 

(l-methylbut-2-yn-l-yl)ainine (intermediate Xm) following a similar procedure as described for the 
preparation of A^-{3-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-5-[(2-phCT^^ 

10 yI)carbonyl]phenyl }-Ar-propylmethanesulfonamide. HRMS (ES, M+H) calculated for Cz7H37N304S: 
500.2578, found: 500.2595. 

EXAMPLE 17 

iV<3-I(2-amino-2-mBthyl-3-phenylpropoxy)methyl]-5~{[(2^,2-trifluoro-l^ 
15 phenylethyl)amino]methyl}phenyl)-iV^propylmethanesulfonanu 

\^ SOgMe 



To a solution of Af-[34(2-amino-2-methyl-3-phenylpropoxy)metliyl]-5-(bromomethyl)pte 
propylmethanesulfonamide (intermediate Xn, 25.0 mg, 0.043 mmol) in DMF (500 iiL) was added (2,2,2- 
trifluoro-l-phenylethyl)amine (23.0 mg, 0. 129 mmol). After heating at lOO^'C for 20 min in the 
20 microwave (Smith Synthesizer), the reaction was purified by flash chromatography (silica, 0-35% 
EtOAc/hexanes) to provide r^rt-butyl { l-benzyl-l-methyl-2-[(3-[(n^thylsulfonyl)(propyl)amino]-5- 
{[(2,2,2-trifluoro-l-phenylethyl)amino]methyl}benzyl)oxy]ethyl}carbaniate^ which was taken up in HCl 
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in dioxane (1.5 mL, 5.84 mmol, 4.0M). After 5 hr, it was lyophilized from dioxane to provide iV-(3-[(2- 
anrino-2-methyl-3-phenylpropoxy)methyl]-5-{[(2,2^-trifluo 

prDpylmethanesulfonamide as a white solid. NMR (400 MHz, CD3OD) 5 7.58-7.44 (m.7H). 7.38 (s. 
IH), 7.34-7.28 (m. 3H). 7.21-7.17 (m. 2H), 4.89-4.81 (m. IH), 4.69-4.61 (m, 2H), 4.164.0 (m, 2H). 3.66 
5 (m, 2H), 3.47 (A of AB, d, J = 10.1 Hz. IH), 3.41 (B of AB, d, J = 10.1 Hz. IH). 3.09 (A of AB. d. J = 
13.4 Hz, IH). 2.94 (s, 3H). 2.89 (B of AB, d. J = 13.4 Hz. IH), 1.50-1.40 (m, 2H). 1.26 (s, 3H), 0.90 (t. J 
= 7.4Hz.3H). 

EXAMPLE 18 

10 3-[(2-aiiiino-2-methyl-3-phenylpropoxy)methyl]-N-[(lR>l-(4-fluorophenyl)et^^ 
[propyl(methylsiilfoiiyl)amino]beiizaimde (Scheme 2) 



Prepared from 3-(bromon:ethyl)-N-[(lR)-l-(4-fluoropheiiyl)ethyl]-5- 

[propyl(methylsiilfonyl)amino]benzamide (intermediate XIV) and 2-amino-2-methyl-3-phenylpropan-l 
15 ol (intermediate I) following a similar procedure as described in Exanq>le 1. HRMS (BS. M+H) calcd. 




for CaoHsiFNaOitS: 556.2640. fomid: 556.2636. 



EXAMPLE 19 



3-[(2-ammo-3-phenylpropoxy)methyl]--/V-[l-(4-fluorophenyl)ethyl]-5- 
20 [inethyl(methylsulfonyl)amino]benzamide 
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Prepared from 3Kbromoinethyl)-N-[(lR>H4-fluorophenyl)ethyl]-5-[methyl (methylsulfonyl)aimno] 
benzamide and N-Boc phenylalanilol using a similar procedure as described in Exaiiq)le 1. HRMS (ES, 
M+H) calcd. for C27H32FN3O4S: 514.2170. found: 514.2175. 



A solution of 3<(2-ferr-bmoxycarbonylamino-2-methyl-3-phenylpropoxy)methyl)-5-<l^ 
10 cyanocyclopentyl)benzpic acid (10.25 mg, 0.021 mmol), (/?)-l-(4-fluorophenyl)ethanamine (0.0085 mL, 
0,063 mmol), benzotriazoH-yloxy-tris(dimethylamino)-phosphomum hexafluorophosphate (12 mg, 
0.025 mmol) and diisopropylethylamine (0.012 mL, 0.07 mmol) in 0.2 mL DMF was stirred at rt 
overnight. Purification by reverse phase preparative HPLC (5-95% MeCN/ H2O containing 0.1% TFA, 
C18 PRO YMC 20x150 mm) gave 3K(2-rert-butoxycarbonylamino-2-methyl-3-phenylpropoxy)niethyl)-' 
15 5-(l-cyanocyclopentyl)-N-(l-(4-fluorophenyl)ethyl)benzamide which was subsequently dissolved in 0^2 
mL CH2a2 and 0.5 mL TFA. The reaction mixture was stirred for 1 h and concentrated. Lyophilization 
gave 3-((2-amino-2-methyl-3-phenyIpropoxy)methyl)-5-(l-cyanocyclopentyl>N-(l-(4- 
fluorophenyl)ethyl)benzamide as the TFA salt. *H NMR (400 MHz. CD3OD) 5 8.93 (d, J = 8.0 Hz, IH), 
7.92 (app d, J = 1.6 Hz. IH). 7.85 (s. IH). 7.74 (s, IH), 7.42 (m, 2H), 7.28 (m, 3H). 7.18 (m. 2H). 7.05 
20 (m, 2H), 5.25 (m. IH). 4.70 (m. 2H). 3.44 (A of AB, d, J = 10.1 Hz, IH). 3.38 (B of AB, d, J = 10.1 Hz. 
IH), 3.09 (d, J 13.4 Hz, IH), 2.86 (d, J = 13.4 Hz, IH), 2.50 (m, 2H). 2.18 (m, 2H), 2.03 (m, 4H), 1.58 
(d. J = 7.0 Hz. 3H), 1.25 (s. 3H). 

EXAMPLE21 

25 3-((2-Amino-2"methyl-3-phenylpropoxy)methyl)-5-(l-cyanocyclopentyl)-N-((y?)-l- 
phenylethyl)benzamide 



5 



EXAMPLE 20 



3K(2-Amino-2-methyl-3-phenylpropoxy)methyl)-5-(l-cyanocyclopentyl>N<(/?)-l<4^ 
fluorophenyl)ethyl)benzamide 
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Prepared from 3K(2-t«rt-butoxycarbonylaixiincK2-methyl-3-phenylpropoxy)i^ 
cyanocyclopentyObenzoic acid and (/;>l-phenylethanamme using a similar procedure as described for 
the preparation of Example 20. HRMS ES calculated for C32H37N3O2: 496.2959. found: 496.2958, 



Prepared from 3<(2-tert-butoxycarbonyIamino-2-methyl-3-phenylprDpoxy)inethyl>^ 
10 cyanocyclopentyl)benzoic acid and phenylmethanamiae using a similar procedure as described for the 
preparation of Example 20. HRMS ES calculated for C31H35N3O2: 482.2802. found: 482.2814. 

EXAMPLE 23 

3<(2-Amino-2-methyl-3-phenylpropoxy)methyl>5-(l-cyanocyclopentyl>N-^ 
IS yl)benzamide 



5 



EXAMPLE 22 



3-((-2-Anuno-2-methyl-3-phenylpropoxy)methyl)-N-benzyl-5<lK;yanocycl^^ 





75 



wo 2005/051914 



PCT/US2004/038927 



Prepared from 3-((2-tert-butoxycarbonylaiimo-2-methyl-3-phenylpropoxy)me% 
cyanocyclopentyl)benzoic add and 2-phenylpyrroIidiBe using a similar procedure as described for the 
preparation of Exanyle 20. HRMS ES calculated for C34H39N3O2: 522.3115, found: 522.3111. 



Prepared from 3-((2-teyt-butoxycarbonylamino-2-methyl-3-phenylpropoxy)methyl>^ 
10 cyanocyclopentyl)benzoic acid and H3-chlQrophenyl)ethanaimne using a similar procedure as described 
for the preparation of Example 20. HRMS ES calculated for C32H36CIN3O2: 530.2569, found: 

530.2565. 

EXAMPLE 25 

15 3-((2-Anuno-2-methyl-3-phenylpropoxy)methyl)-5Kl-cyanocyclopentyl)-N<2-propylpy^ 
yl)ben2amide 



Prepared from 3'((2-ferr-butoxycarbonylamino-2-methyl-3-phenylpropoxy)methyl)-5-{l- 
cyanocyclopentyl)benzoic acid and 2-propylpyrTolidine using a similar procedure as described for the 
20 preparation of Example 20. HRMS ES calculated for C31H41N3O2: 488.3272, found: 488.3284. 



EXAMPLE 24 



3K(2-Amino-2-methyl-3-phenylpropoxy)methyI)-N<H3K:UQrophenyl)ethyl)^^ 
cyanocyclopentyl)benzamide 





EXAMPLE 26 
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3<(2-Ainmo-2-methyl-3-phenylpropoxy)methyl>5-(lK:yanocyclopenty 



Prepared from 3K(2-^crt-butoxycarbonylainmo-2-niethyl-3-phenylpropoxy)methyl)-5-(l- 
cyanocycIopentyl)benzoic acid and dipropylamine using a similar procedure as described for the 
5 preparation of Exanq)le 20. HRMS ES calculated for C36H41N3O2: 476.3272, found: 476.3272. 



3-<(2-Amino-2-methyl-3-phenylpropoxy)methyl>5<l-cyanocycIopentyl)-N-(pent 



10 Prepared from 3-((2-r5rr-butoxycarbonylamino-2-methyl-3-phenyIpropoxy)methyl)-5-(l- 

cyanocyclopentyl)benzoic acid and pent-3-yn-2-amine using a similar procedure as described for the 
preparation of Exan5)le 20. HRMS ES calculated for C29H35N3O2: 458.2802, found: 458.2813. 

EXAMPLE 28 

15 3K(2-Aimno-2-methyl-3-phenylpropoxy)inethyl)-N-(H2K;hloarophe 
cyanocyclopentyl)benzainide 




EXAMPLE 27 
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Prepared from 3K(2-ferr-butoxycarbonylaimno-2-inethyl'3-phenylpropoxy)nie&^ 
cyanocyclopentyl)benzoic acid and l-(2-chlQropheayl)ethanaiame using a similar procedure as described 
for the preparation of Exanq)le 20. HRMS ES calculated for C32H36CIN3O2: 530.2569, found: 

530.256L 

EXAMPLE29 

3K(2-Amino-2-methyl-3-phenylpn)poxy)methyl)-5<l-cyanocyclop^ 
yl)benzamide 



Prepared from 3-((2-tert-butoxycarbonylainino-2-niethyl-3-phenylpropoxy)methyl)-5-(l- 
cyanocyclopentyl)benzoic acid and 2-ethynyIpyrrolidine using a similar procedure as described for the 
preparation of Example 20. HRMS ES calculated for C30H35N3O2: 470.2802. found: 470.2802. 

EXAMPLE30 

3K(2-Ammo-2-^thyl-3-phenylpropoxy)methyl>N-((R>H4-fluorophen^^^ 
(methylsulfonyl)ainino)benzamide 



Prepared from 3KiV-methyl-A^-(methylsulfonyl)amino)-5-(bromoiiiethyl)-iV-<(R)-l-(4- 
fluorophenyl)ethyl)benzamide and 2-ainino-2-benzylbutan'l-ol using a similar procedure as described 
for the preparation of 3-{ [(2-amino-2-ben2ylhexyl)oxy]methyl)-/V -[(l/?)-l-(4-fluorophenyl)ethyl]-5- 
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[methyKmethyl siilfonyI)ammo]beiizainide (Example 4). EDKMS ES calculated for C29H36FN3O4S: 
542.2484. found: 542.2484. 

EXAMPLE 31 

5 3K(2-Aimno-2-benzyl-3-phenylpiopoxy)me1hyl)-NK^ 
(methyIsulfonyl)aixdno)beiizaimde 



Prepared from 3-(iV-raethyl-7V-(methylsulfonyl)ammo)-5-{bromometliyl)-M<(R)-l-(4- 
fluorophenyl)ethyl)beiazamide and 2-ammo-2-beiizyl-3-phenyIpropan-l-ol using a similar procedure as 
10 described for the preparation of 3-{ [(2-amino-2-benzylhexyl)oxy]methyl}-A^ -[(li?)-l-(4- 

fluorophenyl)ethyl]--5-[methyl(methyl sulfonyl)anaino]benzamide (Example 4). HRMS ES calculated for 
C34H38FN3O4S: 604.2640, found: 604.2641. 

EXAMPLE 32 

15 3K(2-Amino-2Klifluoromethyl-3-phenylpropoxy)methyl)-N<(R)-^ 
AKniethylsulfonyl)amino)benzaniide 



Prepared from 3-<N-methyl-A^-(methylsulfonyl)amino)-5-(bromomethyl>A/^-((R)-l-(4- 
fluorophenyl)ethyl)benzamide and 2-amino-2-(difluoromethyl)-3-phenylpropan-l-ol using a similar 
20 procedure as described for the preparation of Example 20. HRMS ES calculated for C28H32F3N3O4S: 

564.2139, found: 564.2140. 
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EXAMPLE 33 

3K(2-Aiiun(>-2-fluorome%l-3-phenylpropoxy)inethyl>NKW^ 
(methylsulfonyl)ainino)beiizaimde 




5 Prepared from 3-(A^-nie%l-iV-(methylsdfonyl)ainino)-5-(bromomethyl>^^ 

fluorophenyl)ethyl)ben2amide and 2-aniino-2-(fluoromethyl)-3-phenylpropan-l-ol using a similar 
procedure as described for the preparation of Example 20. NMR (400 MHz, CD3OD) 5 8.88 (d, J = 
7.7 Hz, IH), 7.84 (s, IH), 7.80 (s, IH), 7.63 (s. IH), 7.42 (m, 2H). 7.32 (m, 3H). 7.19 (d, J = 6.2 Hz, 2H), 
7.05 (t. J = 8.8 Hz, 2H), 5.25 (m, IH), 4.68 (A of AB, d, J = 12.1 Hz. IH), 4.64 (B of AB. d, J = 10.9 Hz, 
10 IH), 4.63-4.44 (two q, ABX system. J = 46.6 Hz, J = 20.6 Hz, J = 10.4 Hz, 2H), 3.54 (m, 2H), 3.35 (s, 
3H), 3.08 (s, 2H), 2.93 (s, 3H), 1.58 (d, J = 7.0 Hz, 3H). 



EXAMPLE 34 

3-{[(2-amino-2-methylO-phenylpropxl)amino]methyl}-A^H;(l/?>l-(4-^ 
15 [niethyl(methylsuIfonyl)amino]benzamide 




To a flask charged with intermediate HI (20 mg, 0.04 mmol) and XXH (24 mg, 0.09 mmol) in wo-propyl 
alcohol (1 mL) was added K2CO3 (19 mg, 0.14 mmol). After stirring overnight the mixture was filtered, 
rinsed with EtOAc and the filtrate concentrated to dryness. The crude Boc protected product was 
20 subsequently dissolved in 1 mL dichloromethane and treated with trifluoroacetic acid (0.04 mL, 0.50 
mmol). After 16h the reaction was concentrated to dryness under reduced pressure and the crude 
purified by RP-HPLC to give the title confound. Example 34: *H NMR (400 MHz, CD3OD) 5 8.82 (d, J 
= 8.0 Hz, IH), 7.82 (m, 2H), 7.66 (s, IH), 7.41 (m, 2H), 7.30 (m, 3H). 7.18 (m, 2H), 7.03 (td, J = 6.8, 2.0 
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Hz, 2H). 5.23 (q. J = 5.2 Hz, IH), 4.06 (s. 2H), 3.33 (s, 3H), 2.93 (overlapping s, 5H), 2.87 (s, 2H). 1.55 
(d. J = 7.2 Hz, 3H), 1.29 (s, 3H); HRMS ES calculated for C28H35FN4O3S: 526.2487, found: 

527.2503. 



10 In a vial charged with intermediate amine XXn (37 mg, 0.14 mmol), XXI (32 mg, 0.09 mmol), and 
HOAt (12 mg, 0.09 mmol) in DCM (1 mL) was added H3-dimethylaminopropyl)-3-ethylcarbodiimide 
hydrochloride (23 mg, 0.12 mmol). After stirring overnight the reaction was poured onto 10% aq. 
KHSO4 and extracted with EtOAc (2 x 10 mL), the organic layers combined and washed with brine. 
Upon drying over Na2S04 and solvent removal 50 mg of crude product was obtained: LCMS [M+H] = 

15 588. 1. Intermediate amide from preceding step was dissolved in THF and treated with BH3-THF (1.8 M, 
0.5 mL, 0.9 mmol). The mixture was heated at 60 °C overnight, cooled to rt and quenched with MeOH. 
The mixture was concentrated to dryness to give crude Boc protected precursor. The crude Hoc 
protected product was subsequently dissolved in 1 mL dichloiomethane and treated with trifluoroacetic 
acid (0.04 mL, 0.50 mmol). After 16h the reaction was concentrated to dryness under reduced pressure 

20 and the crude purified by RP-HPLC to give the title compound, Exan5)le 35: ^H NMR (400 MHz, 

CD3OD) 8 7.33 (m. 3H), 7.19 (d, J = 6.4 Hz, 2H), 6.51 (s, IH), 6.35 (s, IH), 4.05 (no, 3KD, 3.33 (s. 3H), 
3.14 (sept overlappmg m, J = 7.2 Hz, 4H), 3.00 (s, 2H0, L39 (s, 3H), 1.32 (d, J = 6.8 Hz, 6H), 1.02 (d. J = 
6.0 Hz, 3H), 0.81 (m, IH), 0.63 (m, IH), 0.37 (na, IH), 0.20 (m, IH); HRMS ES calculated for 
C25H39N5O2S: 474.2897, found: 474.2925. 



5 



EXAMPLE 35 



N-[4-{ [(2-anMno-2-methyl-3-phenylpropyl)anuno]methyl}-6-({ [2- 
inethylcyclopropyl]methyl}amino)pyridin-2-yl]-N-rnethyIpropane-2-sulfonami 




25 
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While the invention has been described and illustrated with reference to certain particular 
embodiments thereof, those skilled in the art will appreciate that various adaptations, changes, 
modifications, substitutions, deletions, or additions of procedures and protocols may be made without 
departing from the spirit and scope of the invention. It is intended, therefore, that the invention be 
5 defined by the scope of the claims that follow and that such claims be interpreted as broadly as is 
reasonable. 
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WHAT IS (XAIMDHD IS: 




5 wherein: 

XisOorNH; 
YisCHorN; 

10 

A is selected from the group consistmg of 

(1) hydrogen, 

(2) -CMoalkyl. 

(3) -C2-10 alkenyl, and 
15 (4)-C2-loalkynyl, 

wherein said alkyl, alkenyl or alkynyl is unsubstituted or substituted with one or more 

(a) halo» 

(b) -C3-8 cycloalkyl, 

(c) -OH. 

20 (d)-CN, 

(e) -0-Ci-ioalkyl, 

(f) phenyl, or 

(g) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, 

25 triazinyl, pyranyl. thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl. 
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thiazolyl, oxadiazolyl, indolyl, quinolinyl, isoqiiinolinyl, benzimidazolyl and 
benzoxazolyl, 

and said phenyl and heteroaiyl is unsubstituted or substituted with one or more 

(i) halo, 

(ii) -OH, 

(iii) -CN, 

(iv) -0-Ci-ioaIkyl, 

(v) ~CMOalkyl, 

(vi) -C2-IO alkenyl, 

(vii) -C2-IO alkynyl, or 

(viii) -C3-8 cycloalkyl; 

r1 is (1) aryl selected from the group consisting of phenyl and napthyl, or 

(2) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidjnyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, tciazinyl, pyranyl, 
thiazolyl, tbienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, oxadiazolyl, indolyl, 
quinolmyl, isoquinolinyl, benzimidazolyl and benzoxazolyl, 

wherein said aryl or heteroaryl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -<:i-ioalkyl, 

(c) -C2-10 alkenyl, 

(d) -C2.lO alkynyl, 

(e) -OH, 

(f) -CN, 

(g) -O-Ci40alkyl,or 

(h) -C3-8 cycloalkyl; 

R2 is selected from the group consisting of: 
(1) (R4-S02)N(R7)-, wherein r4 is 
(a) -Ci-io alkyl. 
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G>)-C2-10aIkenyl. 

(c) -C2-10 alkynyl, or 

(d) -C3-8cycloalkyl, 

wherein said all^l, alkenyl, alkynyl and cycloalkyl is unsubstituted or substituted with one or 
moie 

(i) halo, 

(ii) -OH, 

(iii) -CN, 

(iv) -O-Ci-ioalkyl. 

(v) -<:mo alkyl. 

(vi) -C2-IO alkenyl, 

(vii) -C2-10 alkynyl, 

(viii) -C3-8 cycloalkyl, 

(ix) aryl selected from the group consisting of phenyl and napthyl, or 

(x) heteroaryl selected from the group consisting of pynudnyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidinyU pyrrolyl, tetrazolyl, furanyU imidazolyl, 
triazmyl, pyranyl, thiazolyl, thienyl, thiopbenyl, triazolyl, oxazolyl, isoxazolyl, 
tbiazolyl, oxadiazolyl, indolyl, quinolinyl, isoquinolinyl, benzunidazolyi and 
benzoxazolyU 

and said aryl and heteroaryl is unsubstituted or substituted with one or more 

(i) halo, 

(ii) -OH, 

(iii) -CN. 

(iv) -(>-Ci.io alkyl, 

(v) -C3-8 cycloalkyl, 

(vi) -<:i.io alkyl, 

(vii) -C2-10 alkenyl, or 

(viii) -C2-IO alkynyl; 

is selected from the group consisting of 
(a) hydrogen, 
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(b) -Ci-ioalkyl. 

(c) -C2-10alkenyl,or 

(d) -C2-ioalkynyI; 

wheiein said alt^l, alkenyl or alkynyl is unsubstituted or substituted with one or more 

(i) halo, 

(ii) -OH, 

(iii) -CN, 

(iv) -O-Ci-io alkyl 

(v) -C3.8 cycloalkyl, 

(vi) aryl selected from the group consisting of phenyl and napthyl, or 

(vii) heteroaryl selected from the group consisting of pyrazinyl, pyrazolyl, 
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, tetrazolyl, furanyl, imidazolyl, 
triazinyl, pyranyl, thiazolyl, thienyl, thiophenyl, triazolyl, oxazolyl, isoxazolyl, 
thiazolyl, oxadiazolyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyl and 
benzoxazolyl, 

wherein said cycloallcyl, aryl or heteroaryl is unsubstituted or substituted with one or 
more 

(i) halo, 

(ii) -OH, 

(iii) -CN, 

(iv) -0-Ci_io alkyl, 

(v) -C3-8 cycloalkyl, or 

(vi) aryl selected from the group consisting of phenyl and napthyl; 



(2) 




;and 



(3) 



-86- 



wo 2005/051914 



PCT/US2004/038927 



CN 



R3 is selected fix>mthe group consisting of 



p6 b n "1 TT 



(3) 



R 



11 



wherein is selected from the group consisting of 

(1) -Ci-ioa]kyl. 

(2) -C2-10alkenyl, 

(3) -C2-loalkynyl 

10 wherein said aJI^l, alkenyl or alkynyl is unsubstituted or substituted with one or more halo; 

R6a, R6b, and R6c are independently selected from the group consisting of: 

(1) hydrogen, 

(2) halo, 

15 (3)-Ci.ioalkyl. 

(4) -C2-10 alkenyl, 

(5) -C2.ioaIl!^yl. 

(6) -OH, 

(7) -CN, 

20 (8) -C3.8 cycloalkyl, and 
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(9)-O-CM0alkyl; 

r9 and R^O are independently selected from the group consisting of 

(1) hydrogen, 

(2) -Ci-ioalkyl. 

(3) -C2.10aIkenyl 

(4) -C2-10 alkynyl, or 

(5) -C3-8 cycloalkyl; 

wherein said alkyl, alkenyl, alkynyl or cycloalkyl is unsubstituted or substituted \vith one or more 

(a) halo, 

(b) -OH, 

(c) -CN, 

(d) -C3-8 cycloalkyl, 

(e) -0-Ci-ioalkyl 

or R9 and RlO are joined together with the nitrogen atom to which they are attached to form a 
pyrrolidine ring, which is unsubstituted or substituted with one or more 

(a) -Ci.ioalkyl. 

(b) -C2-10 alkenyl, 

(c) -C2- 10 alkynyl, 

(d) -C3-g cycloalkyl, 

(e) -(CH2)n-phenyl, 

(f) -CN, 

wherein said alkyl, alkenyl or alkynyl is unsubstituted or substituted with one or more 

i) halo, 

ii) -OH, 

iii) -CN, 

iv) -O-Ci-io alkyl, or 

v) -C3-8 cycloalkyl; 

and said cycloalkyl and phenyl is unsubstituted or substituted with one or more 

i) halo, 

ii) -Cmo alkyl, 

iii) --02-10 alkenyl. 
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5 



iv) -C2-l0all^yl, 

v) -OH, 

vi) -CN, 

vii) -C3^ cycloalkyl, or 

viii) -O-Ci-lO allQ'l; 



R1 1 is selected from the group consisting of 



10 



(1) -CH- 

(2) -0-,and 

(3) -NR8-, 



provided that when Rl 1 is -CH- the dotted line forms a bond and when Rl 1 is -Q- or -NR8-the dotted 
line is absent; 

R8 is selected from the group consisting of 



(2) -Ci-ioalkyl. 

(3) -C2-10alkenyl. 

(4) -C2-l0alkynyl,or 

(5) -CH2-i)henyl, 

20 wherein said alkyl, alkenyl, all^yl ot phenyl is unsubstituted or substituted with one or more 



15 



(1) hydiogra. 



(a) halo, 

(b) -OH, 

(c) -CN, 



25 



(d) -C3-8 cycloalkyl, 

(e) -0-Ci-io alkyl; 



r12 is selected from the group consisting of 
(1) hydrogen, 



30 



(2) -Ci.ioalkyl; 

(3) -C2-IO alkenyl, 

(4) -C2-10aIkynyl, 

(5) halo. 
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(6) -C3-8 cycloalkyl, 

(7) aryl selected from the group consistmg of phenyl and napthyl, and 

(8) heteroaryl selected from the group consistmg of pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, 
pyrimidmyl, pyirolyl, tetrazolyl, furanyl, imidazolyl, triazinyl, pyranyl, thiazolyU thienyl, 
thiophenyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl, oxadiazolyl, indolyl, quinolinyl, 
isoquinolinyl, benziniidazolyl and benzoxazolyl, 

wherem said aryl and heteroaryl is unsubstituted or substituted with one or more 

(a) halo, 

(b) -OH, 

(c) -CN, 

(d-O-Ci-ioalkyl, 
(e) -C3-8 cycloalkyl, 
(O^l-lOalkyl, 

(g) -C2-l0alkenyl,or 

(h) -C2-10alkynyl; 

misO, 1,2 or 3; 

nisO. 1, 2,3 or 4; 

pis 1,2, 3 or 4; 

provided that A is not CH2OH; 

and pharmaceuticaUy acceptable salts thereof. 

2. The compound of Claim 1 wherein m is 1 and Rl is phenyl. 

3. The compound of Claim 1 wherein R2 is (R4-S02)N(R7)-. 

4. The compound of Qaim 3 wherein R4 and r7 are methyl. 

5. The compound of Qaim 1 wherem A is unsubstituted Ci-6 all^l or unsubstituted 
C2-6 alkenyl. 
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6. The compound of Claim 1 wherein R3 is 



10 




7. The conopound of Claim 1 wherein Y .is CH. 

8. The compound of Claim 1 wherein Y is N. 

9. The compound of Claim 1 wherein X is O. 

10. A compound selected from the groiq) consisting of 



3-[(2-ainino-2-methyl-3-phenylpropoxy)methyl]-N-[(lR)-H4--fluorophenyl)ethyn 
[methyl(methylsulfonyl)anuno]benzamide; 
15 3-{ [(2-amino-2-benzylpent-4-en-l-yl)oxy]mfithyl}-iV -[(l/?)-l-(4-fIuorophenyl)ethyI]-5-[methyl(methyl 
sulfonyl)amino]benzamide; 

3-{ [(2-amino-2-benzylpentyl)oxy]methyl}-iV -[(l/?)-H4-fluorophenyl)ethyl]-5-[methyl(methyl 
sulfonyl)ammo]benzainide; 

3- { [(2-amino-2-ben2ylhexyl)oxy]methyl}-iV -[(liO-H4-fluorophenyl)ethyl]-5-[methyl(njethyl 
20 sulfonyl)amino]benzamide; 

Ar-(4-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-6-{beiizyl[(2- 
methylcyclopropyl)methyl]amino}pyridin-2-yl)-//-propylmethanesulfona3aiide; 
iV-(4-[(2-amino-2-methyl-3-phenylpropoxy)methyll-6-{ [(2-methylcyclopropyl)methyl]aimno }pyridin-2- 
yl)-iV-propylniethanesulfonamide; 
25 7V-(4-[(2-amino-2-methyl-3-phenylpropoxy)methyl]-6-{methyl[(2- 

methylcyclopTopyl)methyl]anuno}pyridm-2-yl)-iV-propybDQethanesulfon^ 

4- [(2-amino-2-inethyl-3-phenylpropoxy)methyl]-//-[l-(4-fluorophenyl)ethyl]-6- 
[(methylsulfonyl)(propyl)amino]pyridine-2-carboxamide; 
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iV-{4-[(2-amino-2-iiiethyl-3-phenylpropoxy)methyl]-6-[(2-phenylpy^ 
N-piopylmethanesulfonamide; 
A^-{3K{[(2R)-2-aimncH2-inethyl-3-phenylpropyl]oxy}jM 
methylcyclopiopyl)vinyl]phenyl } -Mpropylmetbanesulfonaiiiide; 
5 3-[(2-ammo-2-niethyl-3-phenylpropoxy)methyl]-iV-(14-d^ 
[(iiiethylsuIfonyI)(propyl)an]]no]be]izaimde; 
3-[(2-ammo-2-methyl-3-phenylpropoxy)methyl]-5-[(methylsutf^ 
phenylethyl)benzaiDide; 

N-[ 3-[(2-aimno-2-methyl-3-phenylpropoxy)methyl]-5-[(2-phenylpynoUdm 
10 propylmethanesiilfonaniide; 

A^-{3-[(2-ammo-2-methyl-3-phenylpropoxy)metfayl]-5-[(2-propylpyiToUdm-l-yl)^ 
propylmethanesulfonanude; 

3-[(2-animo-2-methyI-3-phenylpropoxy)methyl]-5-[(methyk 

dipropylbenzamide; 
15 3-[(2-aniinc)-2-methyl-3-phenylpK>poxy)methyl]-iV-<l-jDMthy^ 

[(methylsulfonyl)(p]x>pyI)anuno]benzanude; 

iV-<3-[(2-aimno-2-methyl-3-pheBylpropoxy)methyl]-5-{[(2A2-^ 

phenylethyl)aimno]iiiethyI}phenyl)-iV-propylmethanesu^^ 

3-[(2-animc>-2-insthyl-3-phenylpropoxy)inethyl]-N-[(lR>H 
20 [propyl(methylsulfonyl)aimno]ben2aimde; 

3-[(2-ainino-3-phenylpropoxy)ii3ethyl]-7V-[H4-fluorophenyl)ethyl]^^ 

[methyl(methylsulfonyl)amino]ben2aimde; 

3-<(2-Amino-2-niethyl-3-phenylpropoxy)methyI)-5-(l-cyanocyclopentyy 
fIuorophe]iyl)ethyl)benzaimde; 
25 3-((2-Aimno-2-methyl-3-phenylpropoxy)inethyl)-5-(l-cyano^^ 
phenylethyl)benzan]ide; 

3<(-2-Ammo-2-methyI-3-phenylpropoxy)methyl)-N-benzyl-^^ 

3-((2-Aminc>-2-methyI-3-phenylpropoxy)methyl>5-<l-cyanocyc^ 

yl)benzamide; 

30 3-((2-Amino-2-methyl-3-phenylpropoxy)inethyl)-N-(H3K:Uoropheny 
cyanocycIopentyI)benzamide; 
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3<(2-Aiiiino-2-infithylO-phenylpn)poxy)methy]>5-(l-cyanocy 
yObenzamide; 

3<(2-Ammo-2-mejthyl-3-phenylpropoxy)methyl)^^ 
3<(2-Ainino-2-methyl-3-phenylpropoxy)methyl)-5<l-cyanocyc^^ 
5 3-((2-Ammo-2-methyl-3i)henylpropoxy)methyl>NKH2-c^ 
cyanocyclopentyl)benzaxnide; 

3-((2-Aimno-2-methyl-3-phenylpropoxy)methyl)-5-(l-c^ 

yObenzamide; 

3<(2-Aimn(>-2-ethyl-3-phenylpropoxy)methyl>N-((R>H4-flvioro^ 
10 (methylsulfonyl)amino)benzaimde; 

3<(2-Aimno-2-benzyl-3-phenyIpropoxy)iiiethyl)-N-(^^ 
(nietiiylsulfonyl)ainiiio)benzamide; 

3-((2-Aiiiino-2-^fluQromethyl-3-phenylpropoxy)methyl)-N-((^^ 

iV-(inethyIsulfonyl)aimno)beiizamide; 
15 3K(2-Aniino-2-fluorcMnethyl-3-phenylpropoxy)methyl>N-<(R 

(iiiethylsuIfonyI)ammo)benzaixiide; 

3-{ [(2-ammo-2-methyi-3-phenylpropyl)aimno]me% 

[methyl(n]elliyIsulfonyl)anuno]benzaimde; 

N-[4-{ [(2-amino-2-methyl-3-phenylpropyl)ammo]methyl) -6-({ [2- 
20 methylcyclopropyI]iiiethyl}aiiiino)pyridm-2-yl]-N-met^^ 

andphaimaceuticaUy acceptable salts theieol 



11. 



The coirq)omid of Claim 1 of formula (II) 



R2 



25 




wherein Y, A, Rl , R2 , r5 , R6a, R6b, and R6c and m are as defined in Qaim 1; 
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and phannaceutically acceptable salts thereof. 

12. The compound of Qaim 1 of formula (HI) 



R2 




(HI) 

whaein Y, A, Rl , R2 , r5 , rH, r12 and m are as defined in Qaim 1; 
and phannaceutically acceptable salts thereof. 

* 

13. The con5)ound of Qaim 12 wherein Y is N and Rl 1 is NR8. 

14. A compound of Claim 1 of formula (IV) 




(IV) 

wherein Y, A, Rl , R3 . r4 r7 and m are as defined in Qaim 1 ; 
and pharmaceutically acceptable salts thereof. 

15. The compound of Claim 1 of formula (V) 
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R3 




(V) 



wherein Rl3a and Rl^b are independently selected from the group consisting of 



(a) halo, 

(b) -~Ci-ioallq^l, 

(c) -OH. 

(d) -CN, 

(e) -0-Ci.ioalkyl 

(f) hydrogen, and 

(g) -C3-8 cycloalkyl; 



mis l;and 

Y, A, r2 and R3 are as defined in Claim 1; 
and phannaceutically acceptable salts thereof. 

16. The compound of Claim 1 of formula (VI) 




(VI) 
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wherein Y, A, Rl , R2 , r3 and m are as defined in Qaim 1; and phannaceutically acceptable salts 
thereof. 

17. A pharmaceutical conoposition conq>rising a therapeutically effective amount of a 
5 compound of Claim 1 and a pharmaceuticaUy acceptable carrier. 

18. A method for inhibition of P-secretase activity in a mammal in need thereof which 
comprises administering to the mammal a therapeutically effective amount of a compound of Qaim 1. 

10 19. A method for treating Alzheimer's disease in a patient in need thereof comprising 

administering to the patient a therapeutically effective amount of a compoimd of Claim 1. 
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